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Dynamics of Specifications 


q It is becoming increasingly evident that dynamic performance of instru- 


q 


q 


§ 


ments and systems can be utilized without complex mathematics for appli- 
cation and design. While only a faint glow on the automatic control hori- 
zon, it offers encouragement for more widespread scientific approaches to 
problems of measurement and control. Let us hope it serves as an incentive 
to the few pioneering engineering minded groups to attack the problem 
with renewed vigor. Through efforts of these few come nomographs, 
statistics, equations, procedures and specifications for a dynamic approach 
to design and application. They are the first element in a succession which 
will convert instrumentation from an art to a science. 


Despite the widespread publicity of frequency response techniques in de- 
termining dynamic performance, the majority of instrument and control 
engineers do not have a comprehension of its values and limitations. Man- 
agement and supervision do not fully appreciate it as a tool of engineering. 
The mathematics involved and cost of test equipment for frequency re- 
sponse analysis have snuffed many interests to assign an engineer on this 
project. 


Frequency response is but one tool of dynamic analysis. Because it is wide- 
ly publicized it could well be the key to selling the real value of the total 
dynamics picture to both instrument manufacturers and users. 


One of the first mass approaches to a better understanding of dynamic 
analysis could be its use in specifications and performance data. Several 
years ago some instrument manufacturers were ahead of their time in 
giving frequency response data on new equipment. There should be a more 
intelligent reception now. 


With a spirit of cooperation for the common good, performance data can 
be specified by the user and released by the manufacturer to a marked de- 
gree of success. The manufacturer should consider specifications incom- 
plete without full information on dynamic requirements. The user should 
demand full information from the manufacturer on dynamic performance. 
The ability to ask for information is a tremendous educational process. 


We must start sometime — why not now? Don’t wait for somebody else to 
start and then get in line. It is not unconceivable that dynamic analysis 
will result in process controllability beyond present comprehension — 
making possible the use of simplified instrumentation in quantities that 
stagger the imagination. The process industries can well afford to spend 
millions on studies of total system dynamics. 


Cheakt.. 


Editor 





259 




















“An ISA Journal 








Exclusive ... 


I 





Design and Performance 
' of a Thrust Transducer! 


by Loren E. Bollinger, Research Associa 
Rocket Laboratory and the Aeronautical Engineering Departme 


Ohio State University, Columbus, 0} 


Design factors are discussed of a thrust transducer to measure the 
mechanical output of small-scale rocket engines. Performance data 
and operating characteristics are given for a bonded strain-gage type 
transducer used in rocket engine tests over a sixteen-month period. 
Design and construction details of the electronic and mechanical sys- 
tems are presented. 





Introduction 


THRUST IS THE FORCE experienced on a rock 
engine structure due to the ejection of mass at high ® 
locities; this reaction is a consequence of Newton’s Thin 
Law of Motion. The specific thrust is a measure of i 
propellant and engine performance; it is the thrust whid 
would be produced by an equivalent engine consuming om 
pound of propellant each second. A defining equation’ 

= = ; . (}} 

w 

Propellants are evaluated by experimentally measuring 
specific thrust parameters with various com bustion-chat 
ber pressures and mixture ratios (weight flow rate of #@ 
dizer/weight flow rate of fuel). Thus it can be seen thi 
the developed thrust is one of the most important perform 
ance parameters which must be measured in rocket-engil? 
research and development. At the test stands, some met 
od is required to measure the thrust continuously duritt 
engine firings; a number of different schemes have Dee 
proposed and put into use. In some instances beam-ba! 
ance scales are used while in others a type of pressure 
load cell is employed. The particular method chosen lf 


*This work was ponsored in part by the Aeronaut 3 Research pat 
WADC, U. S. Air Force, under contract with The Ohio State 4? 
ersity Research Foundation. 


Figure 1. A 25-pound thrust rocket engine is shown during tet 
on a static firing stand. 
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he engineer depends upon the magnitude of developed 
ant required accuracy and frequency response, test 
stand vonfiguration stability, cost, etc. 


Rocket Engine 

A small-scale rocket engine in operation is shown in 
Figure 1. This particular engine was designed for the pur- 
e of measuring the velocity of the exhaust gases by a 


eal method'. This rocket engine produces a nominal 25 
pounds of thrust; firings last as long as 8 minutes. The 


duration is a function of the propellant supply size only, 
since equilibrium in the engine can be reached after about 
20 seconds of firing. Heat release in the combustion cham- 
per approaches 27,000 BTU/minute at a combustion-cham- 
ber temperature and pressure of 5950°R and 200 psia re- 
spectively for a premixed hydrogen-oxygen propellant. The 
yelocity of the gas in the exhaust jet is approximately 7000 
mph; the temperature has dropped to 3600°R because of 
the expansion occurring in the nozzle. The stationary 
shock-wave pattern observed in the photograph is produced 
by interference effects which occur when the supersonic 
gas stream leaves the nozzle. The discs, spaced every inch 
on the two vertical rods, are employed to scale the actual 
size of the shock-wave pattern in the jet stream. 


Thrust Measurement Requirements 

Since the thrust level of the engine is of the order of 
only 25 pounds, particular care had to be taken with re- 
gard to friction and hysteresis. Frequency response was 
not critical because only steady-state performance determi- 
nations were required. It was desirable to obtain an ac- 
curacy of better than +2 percent. A strain-beam type of 
transducer was selected to fulfill this measurement require- 
ment. The rocket engine was mounted on a plate which, 
in turn, is in free contact with a small, rigidly-supported 
cantilever beam. During firing, the load deflects the beam 
and the resulting strains are detected by bonded strain 
gages. Thrust is then derived from an empirically-deter- 
mined relationship between load and strain for the beam. 
The use of load beams is discussed in Reference 2. 


Strain Beam Design 


A strain beam of the type shown in Figure 2 was chosen 
so that a uniform strain would be established on the sur- 
face when a force is applied at the end of the beam. The 
surface strain can be calculated for the maximum load and 


Wuperior numbers refer to similarly numbered references at end of this 
paper. 





LIST OF SYMBOLS 








Symbol Meaning Units 
b Width of strain beam at base 
t triangle inch 
d Thickness of strain beam ; inch 
e Strain on surface of beam none 
de Differential change of strain none 
Le Incremental change of strain none 
E Modulus of elasticity bf (inch) 
E, Voltage across strain gage volt 
dE, Differential voltage across strain gage volt 
AEe Incremental voltage across strain gage volt 
F Thrust of rocket engine lbf 
| Current flowing through strain gage amp 
lep Specific thrust . !bf-sec(!bm)™ 
K Gage factor of strain gage none 
L Length of strain beam inch 
M Bending moment at tip of strain beam inch-lbf 
” Load at tip of strain beam . Ibf 
x Resistance in series with single 
strain gage ohm 
Ry Resistance of strain gage ohm 
S Unit stress in outer fibres of 
strain beam Ibf (inch) ~? 
Voltage applied to strain gage circuit volt 
Weight flow rate of propellant lbf(sec)~ 











the beam designed so that the strain gage deflection is well 
below the yield point of the wire. Several geometric de- 
signs are available to obtain uniform surface strain*; con- 
stant beam thickness was selected for ease of machining. 
Then the relationship between the beam thickness and the 


variables is 
6 M7]* 6P-L 7% ; 
‘“s S-b rs E-e-b (2) 


A conservative value of surface strain used in this beam 
design was 1000 micro-inches per inch. 

Figure 3a illustrates a circuit diagram of a strain gage 
R, in series with a fixed resistor R and a constant poten- 
tial source V. 


From elementary considerations 
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Figure 3a, Left 
Elementary strain 
gage circuit. Fig. 
ure 3b, Right, 
Typical bridge cir. 
cuit containing 
four active gages. 




























































































= v Eg 
re 
‘a é 
- (a) (b) 
ea a R, - Usually it is desirable to incorporate four active gtr 
ere, lS x| (9) gages on the strain beam. For the same amount of gm 
face strain, four times the voltage output will be obtaing 
However, we are interested in the rate of change of E, Automatic temperature compensation will be assured tm 
due to a strain. Therefore, by differentiation, introduc- as long as both sides of the strain beam are at the sam 
tion of the gage factor, and the gage current, the gage temperature. When certain parameters are chosen, iti 
output is possible to design the beam from Equations (2) and (4, 
R,-R ? The modulus of elasticity is fixed when the beam materig 
dE, = E+ R I-K-de (4) is selected. The load P is related to the thrust of the @ 
gine while L and b are selected to fit the test stand» 
assuming that I, K, and R are held constant. Values of K quirements. Values of R, and K are determined from th 
range from 2 to 4 depending upon the type of strain gage type of strain gage used. The value of dE, is limited y ~ 
used. The voltage E, is the open-circuit value across the the maximum range of the recording or indicating insin : 
gage. If this voltage is fed into a circuit which appreciably ment. For a bridge circuit of four active strain gage 
loads the source, Thevenin’s or Norton’s Theorem‘ can be Figure 3b, the open-circuit incremental voltage will be E 
used to compute the current flowing through the load. 
Use of a potentiometer-type recorder (instead of a galva- AE, 2 R,-I-K-Ae . (5 
nometer element) permits the application of Equation (4) ¥ 
directly in computing the differential voltage because no The beam dimensions chosen for the thrust measuremem e 
external load current is drawn. problem are shown in Figure 2. Four type A-5 (Baldwit . 
’ 
re 
Figure 4. Power supply and current control circuit of thrust transducer. a 
8i 
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Figure 5. Assembly of engine mounting plate and strain beam. 





Lima-Hamilton Corp.) strain gages were bonded to the sur- 
face in accordance with techniques described in the manu- 
facturer’s instructions’. 


Electrical Connections 


In use, it can be seen that the top surface of the beam 
will be in tension while the bottom surface is in compres- 
sion since the load is applied to the top of the beam at the 
tip. The strain gages were electrically connected in a 
bridge circuit similar to that shown in Figure 3b. For cor- 
rect operation it is important to connect the gages in such 
a fashion that opposite members of the bridge have the 
same direction of strain. A shielded line was used to ex- 
tend the leads into the control room where the power sup- 
ply and recorder were located. 


Power Supply 


A de type of power supply was employed for this thrust 
transducer. Schematically, the supply together with the 
load is shown in Figure 4. The power supply design is 
conventional; two OA2 tubes are used to regulate the volt- 
age output. A 6DC6 tube is employed to adjust the current 
through the strain-gage bridge and to provide some addi- 
tional voltage regulation. The bridge current is selected 
by adjusting the cathode potentiometer until the desired 
current level is reached. 

A potentiometer has been inserted in the bridge so that 
4 zero adjustment could be made. Actually the beam is 
Preloaded by the weight of the rocket motor and mount- 
ing plate. This zero adjustment provides a convenient 
Way to cancel the bridge output due to the preload strain 
resulting from the weight of the engine and mounting plate. 
The output of the bridge is fed directly into a 0-1 mv. re- 
cording potentiometer which has a one-second response 
time. The frequency response is more than adequate for 
Present experimental requirements although the strain 


one itself is capable of response to higher frequency 
8. 


Test Stand Configuration 


Rocket engines which burn liquid propellants are 
mounted so that the exit of the exhaust nozzle is pointed 
ward to minimize the explosion potential. However, 
With gaseous propellants this precaution is not necessary; 
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in fact, it is desirable to point the nozzle upwards to pre- 
vent trapping hydrogen in the engine. In these tests the 
engine is mounted on a plate which, in turn, is freely sup- 
ported by two large A-frames four feet in height. 

Figure 5 illustrates the mounting plate and its relation 
to the strain beam. Two steel pivot seats and pivot pins 
on one end of the mounting plate provide for free motion 
of the plate as the thrust is developed. The steel surfaces 
of the pivots are hardened after fabrication. A sliding 
pivot underneath the mounting plate rides on the ball 
bearing protruding from the strain beam. The large end 
of the strain beam is rigidly supported by one A-frame 
while the pivot seat holder is fastened to the other frame. 
Both pivot pins are adjustable to permit leveling of the en- 
gine mounting plate. As the rocket engine develops thrust, 
a force is applied to the strain beam via the sliding pivot 
and bearing surface. 

Particular care must be exercised to keep the sliding 
surfaces well lubricated. In addition, coolant water flow- 
ing to the engine should be carried through flexible lines. 
If pressure tap connections are made with copper lines, 
they should be coiled several times to minimize any side 
forces on the engine. The heavy copper line delivering 
the premixed propellants to the engine is annealed after in- 
stallation to relieve residual strains which might affect the 
thrust measurement. Flash-back usually causes a slight 
shift in zero reading on the recorder because of the severe 
transient force on the connecting lines of the rocket en- 
gine. The thrust per unit deflection, however, remains the 
same. Occasionally very severe explosions occur during 
flash-back and the engine mounting plate may be displaced 
from the pivot seats; the strain beam has not been dam- 
aged as yet by these explosions. 

Referring again to Figure 1, the strain beam can be seen 
to the right of the engine mounting plate and just beneath 
it. 


Performance 


The thrust measurement system has been in use for 
more than sixteen months. During this period the strain 
beam and associated equipment have been subjected to 
many flash-backs and explosions; no change in perform- 
ance has been experienced. Approximately one-half hour 
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Figure 6. Typical calibration 


before firing, the recorder and power supply are turned on 
for stabilization purposes. 

Figure 6 is a tracing of the record obtained during a typi- 
cal rocket firing. First a calibration record is made by 


placing known weights atop the engine; both increasing ber of pounds of thrust. Zero shift due to power supy 
and decreasing weight records are taken. After each fluctuations was not noticeable after the initial warm 


weight is placed upon the engine, the mounting plate is 
tapped lightly with the fingers to counteract the slight fric- 





and rocket thrust record. 


jected into the mixing vessel a fraction of a second befyp 
both the oxygen and hydrogen flows are abruptly terming 
ed. Post-run calibration shows that the zero point has shit, 
ed but the per-unit deflection still represents the same np 


period. Deflections corresponding to %4-pound changes) 
thrust are discernible on the recorder. 


tion and line resistance and to simulate the vibration which 


¢ 
occurs during the actual rocket firing. These vibrations ACKNOWLEDGEMENT ‘ 
can be seen at the leading edge of each calibration step. TI , k hed , tributi a I 
Next, on the record, comes the thrust trace of the rocket 1e author ackno — the contripulion es ase ; 
firing during flow build-up and steady-state operation. Notes ance of Mr. Anthony Gumienny in assembling and testixg 
on the figure interpret the trace deflection. In this particu- the thrust transducer. ' 
lar test flash-back was deliberately caused in order to check i 
a stability point at a given chamber pressure and mixture REFERENCES 
ratio. The small bump in the rapidly descending thrust |, Direct Measurement of Rocket Exhaust Velocities, L. E. Bollinger andi f 
trace indicates that the automatic nitrogen purge and pro- Edse, WADC Technical Report 54-269, June 1954. { 
pellant flow cut-off system has gone into operation. This 2. Bulletin Numbers 279, 279-A, 4100, 4300 and 4309, Baldwin-Lima-Hamilts 
automatic shut-down control unit® consists of a rapidly re- Corp., Philadelphia 42, Pennsylvania. 
sponding temperature pickup attached to the supply line 3. Strength of Materials, J. E. Boyd, McGraw-Hill Book Company, Ne 

York, 4th Edition, 1935, Chap. VII. 


for the premixed propellant. When the temperature of the 
supply line increases a few degrees above ambient due to 
flash-back, a solenoid valve is energized by a relay and 
opened; through this valve a large flow of nitrogen is in- 


4. Communication Engineering, W. L. Everitt, McGraw-Hill Book Company 


New York, 2nd Edition, 1937, pp. 47-49 


am 


5. A Variable Delay Timer for Premixed Gaseous Propellant Rocket Engins, 
L. E. Bollinger, WADC Technical Report 53-428, October 1953. 
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ELECTRONIC SELF-BALANCING 
POTENTIOMETERS & BRIDGES 


DURING THE PAST SEVERAL YEARS the use of re- 
cording and controlling potentiometers and bridges of the 
self-balancing type has increased to the point where they 
now occupy a major position in the field of industrial in- 
strumentation. 

Before we discuss maintenance, let’s review the basic 
components making up a typical self-balancing electronic 
instrument. While these instruments are furnished with 
many variations and attachments that make them specific 
for a given application, the basic instruments are manufac- 
tured as either bridge type or potentiometer type. 


The 5 following components of the Dynamaster Bridge are 
typical of bridge instruments: 


1. An electrical bridge circuit, supplied with a-c or d-c 
as required, which includes sensing elements, slide- 
wire, and bridge resistors. 


Figure 1. Block 
diagram of Bristol 
Dynamaster is 
typical of self- 
balancing 
potentiometers. 
Unknown dc 
voltage to be meas- 
ured can be from 
thermocouples, 
Strain gages, 
tachometer mag- 
netos, gas analyzer 
cells, pH amplifiers, 
Photoelectric cells 
and other such 
sensing elements. 
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by I. O. Carlson 
Staff Service Engineer 
The Bristol Company 


Waterbury, Conn. 


2. An input transformer. (Used only on low ranges). 


3. An amplifier that receives the signal from the bridge 
(or input transformer) and amplifies it to a power 
level sufficient to energize properly the control wind- 
ing of the balancing motor. 


4. A two-phase balancing motor. 


5. The recording and/or indicating mechanism. 


The 4 following components of the Dynamaster Poten- 
tiometer are typical of potentiometer instruments: 


1. A potentiometer circuit, supplied by a d-c source such 
as a dry cell or constant voltage source. 


2. A standardizing circuit, unless the instrument is 
equipped with a constant voltage source. 


3. A d-c/a-c inverter or chopper. 
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Figure 2. Suitable hand tools for 
instrument work. Tool kit as 
supplied including Canvas Bag 
by the Bristol Company. Left to 
Right, Set-Screw Wrench, 5/16” 
Long Arm; Jewelers’ Screw- 
driver; Tweezer; Pick-Up 
Screwdriver (No. 3); Pick-Up 
Screwdriver (No. 4); Open End 
Wrench, 1/4” x 5/16”; Open End 
Wrench, 3/8” x 7/16”; Adjust- 
able Wrench, 8”; Diagonal Cut- 
ting Pliers; Long Nose Pliers; 
Special Spline Set - Screw 
Wrench, (No. 10); Screwdriver, 
3”; Screwdriver, 6”. 


4. An input transformer, amplifier, balancing motor, 
and recording, and/or indicating mechanism identi- 
cal to those used in the bridge. 


These 2 instruments may also be equipped with a wide 
variety of automatic electric and pneumatic control de- 
vices, and attachments designed for specific applications. 
A typical self-balancing electronic instrument is shown in 
Figure 1. 

Typical applications of the two types of instruments in- 
clude measurements involving resistance thermometers, 
strain gages, differential transformer pick-ups, conductivity 
cells, telemetering, and mathematical computation. 

Potentiometers are used for a wide variety of d-c voltage 
and current measurements, from thermocouples, radiation 
pyrometers, pH meters, etc. 


Tools 


In order to service these instruments properly, it is rec- 
ommended that the following equipment be available: 
1. A signal generator to produce approximately 3 mv 
d-c and 30 mv a-c to isolate trouble in the inverter, 
amplifier, input transformer, or measuring circuit. 


bo 


. A volt-ohm-milliammeter with AC and DC ranges of 
0-50 and 0-500 v 0-4000 and 0-500,000 ohms and with 
sensitivity of 20,000 ohms per volt. 


: FILTER TRANSFORMER 
CAPACITOR 
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3. A checking set of the potentiometric type capable 
measuring up to 1.02v (Standard Cell EMF) and » 
curate to 0.19 full scale. 


4. A set of suitable resistance spools or decade regig. 
ance box (accurate to 0.01 ohm). 


5. Suitable hand tools for instrument work, see Figure? 


6. An oscilloscope is recommended for trouble-shooting 
amplifiers. 


Preventive Maintenance Stops Trouble 


A regular routine of cleaning and checking the poter 
tiometer or bridge instruments will aid in maintaining cop 
tinuous and trouble-free performance. The frequency of 
these routine checkups will depend somewhat on the con 
ditions of operation. In general, a check-over should bk 
given at least every three months as follows: 

Slidewire and Selector Switch Contacts — Clean with 
carbon tetrachloride or suitable cleaning fluid; lubricate 
with vaseline or special contact lubricant. (Most self 
balancing instruments require a minimum of lubrication 
but a few specific points, such as selector switch motors 
and print wheel mechanisms, do require occasional at 
tention. The instruction book for the specific instr 
ment should be consulted for frequency and type of lv 
bricant recommended). 


Figure 3. View of 
panel mounted inside 
Dynamaster potenti- 
ometer case showing 
transformer, amplier, 
syncroverter, terminal 
strips and other elec- 
trical components. 
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control Mechanism — Check according to instruction 
pook, if instrument is so equipped. 

sensitivity Adjustment — The amplifier sensitivity or 
should be checked after replacing tubes and 3 to 6 
months thereafter. (To check, turn the balancing mo- 
tor pinion clockwise and release. Repeat in counter- 
clockwise direction. The pen or pointer should return 
quickly to its original position with no dead band. If 
necessary, increase gain by turning adjusting screw.) 
Fountain Pens — Flush with warm water; refill at regu- 
lar intervals to prevent clogging. 

Print Wheel — Clean print wheel with stiff brush. Re- 
place felts if necessary and lubricate mechanism. 

strip Charts —If chart creeps to either side, check to 
see if supply roll is properly aligned and seated on the 


spindles. 


Trouble Shooting 


A systematic procedure in trouble-shooting quickly iso- 


lates any difficulty that might occur in electronic instru- 
ments. A run down on a trouble shooting check on a Bris- 
tol Dynamaster will give an idea of how such a procedure 
should be carried out on other similar self-balancing elec- 
tronic instruments. The following numbers and figures 


Apable of refer to the corresponding ones in Figure 3: 


) and ae 
le resist. 
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1. Power —by use of voltmeter or test lamp, check 
across L, and L, at supply terminals; L, and L, termi- 
nals back of swinging panel; and L, and L, on ampli- 
fier. Check to see that instrument is _ properly 
grounded. 


2. Balancing Motor 

(a) On instruments equipped with the earlier type 
“C” amplifiers, turn off power and remove motor 
leads from M, and M, terminals. Connect to 
L, and L,.. Turn on power. Motor should run 
pointer up-scale or down-scale depending on 
phase. Turn off power and reverse leads at L, 
and L.. Turn on power. Motor should run in 
opposite direction. If pointer fails to move, it 
should be due to (1. lack of power; (2. defec- 
tive motor; (3. mechanical failure between mo- 
tor pinion, bull-gear and indicating and/or re- 
cording mechanism. 


(b) On instruments equipped with later type “C-1" 
amplifier, turn off power and remove motor leads 
from M, and M, terminals. Connect the leads 
to L, and L, with a 1-microfarad capacitor in se- 
ries, then turn on power. Motor should run 
pointer up-scale or down-scale, depending on 
phase. Reverse leads as in (a) above, and check 
for opposite rotation. 


3. Amplifier — After motor operation is checked out, 
check operation of the amplifier by use of the signal 
generator described above. Apply test prongs at in- 
put terminals (point “C”). Do not depress switch on 
probe. Pointer should move up-scale or down-scale 
depending on phase. Reversing test prongs should 
cause pointer to move in opposite direction, if not 
check fuse in amplifier, replace tubes and filter capac- 
itor in amplifier. If pointer still fails to move, replace 
amplifier. (Unless well equipped to repair electronic 
equipment, faulty amplifiers should be returned to 
the factory for repairs.) 


4. Input Transformer — Apply test prongs of signal gen- 
erator to input (pink & yellow wires) of input trans- 
former. Pointer should move up- or down-scale de- 
pending on phase. Reverse test prongs and pointer 
should move in opposite direction. If no action oc- 
curs, replace input transformer. 


5. Syncroverter Switch (Inverter) — With push button 
on signal generator depressed to provide a d-c sig- 
nal, apply test prongs to input terminals. Pointer 
should move up- or down-scale depending on phase. 
Reversing test prongs should cause pointer to move 
in opposite direction. If no action occurs, syncro- 
verter switch should be replaced. If steps 1 to 5 
have been performed and all components function 
correctly and the instrument still fails to function, 
the fault probably lies in the measuring system. (An 
“open” at any point in the measuring circuit in a po- 
tentiometer type dynamaster will result in no error 
signal and consequently no output from amplifier to 
balancing motor. Check measuring element output 
with checking set. Check all soldered connections at 
spools. (a. check battery voltage—1.5 or 6V_ de- 
pending on instrument; (b. check standard cell 
voltage — 1.0185 to 1.0195 volts; (c. check voltage 
across “E” spool — 1.0185 to 1.0195 volts; (d. check 
contacts on standardizing relay. 

Caution: Do not put ohm-meter across any portion 
of measuring circuit before first disconnecting input 
leads of syncroverter switch. Do not put volt-meter 
leads across standard cell. 


Every self-balancing potentiometer and bridge instru- 
ment will have points where maintenance and service are 
particularly important, and the manufacturers instruction 
manual should be consulted regularly. However, these 
general instructions will provide an overall view of the 
repair and maintenance of this type of instrument. 





I. O. CARLSON is a staff service engineer at the Waterbury, Conn. 
headquarters of The Bristol Co. He attended schools at the University 
of Iowa and later at Purdue but left during the depression to work at 
Carnegie Illinois Steel Co. as an instrument man. He attended the 
University of Indiana part time and graduated with a degree in me- 
chanical engineering from Valparaiso University in 1939. Mr. Carlson 


joined the Detroit office in The Bristol Co. in 1940 and transferred to 


Waterbury in 1954. 
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Mobile Control Lab. This new mobile, 
air conditioned process and control sys- 
tem laboratory is another first by Shell 


Development Company of Emeryville, 
California, pioneers in process control 
analysis. ontaining multi-point record- 


ers, amplifiers, pick-ups, communications 
equipment, and .tools, the truck fills the 
need for efficient on-the-spot process an- 
alysis used in control system design and 
trouble shooting. 
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Loss in Weight Feeders. Omega Mag 
Company has announced a new typelm 
terials handling feeder. Designed tog 
portion all types of liquid materials 
feeder operates on a dead-weight am 
ciple. In incorporates sensing, compdlll 
and correcting elements to automaticall 
maintain preset feed requirements from 
few pounds to 60,000 lbs. per hr. Omi 
also markets solid feeders operatingay 
same principle. 


Airborne Training. 
aration for a flight of 
airborne classroom by] 
sonnel of Fielden Iam 
ments Division of Robat 
shaw-Fulton to Housie 
(Left to Right), Fred L. Mat 
by, director of engineer 
Ralph V. Coles, v-p. ons 
general manager; Ralp 
M. Stotsenburg, produé 
supervisor; driver; Jol 
Phillip, product supervise 
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Infrared and Crime. 


Among the many out- 
standing scientific con- 
tibutions by Armour 
Research Foundation of 
Illinois Institute of Tech- 
nology is its service to 
government law enforcement agencies. Here, Ralph 
D. Hites, assistant chemist, checks infrared micro- 
scope in analyzing millionth-of-ounce metal flake 
taker. from murder victim. Identification of flake lead 
to intensive search of Chicago area machine shops. 
The Foundation recently started operation of nation's 
first nuclear reactor for industrial research. 





Checking Plant Waste. Flow and pH re- 
corders in mobile equipment used by city 
of Charlotte, N. C. to check waste effluents 
from industrial plants. Leeds & Northrup 
pH equipment and Hagan flow meters 
automatically record information for In 
dustrial Waste Engineers in their constant 
check of 60 large plants to prevent unde- 
sirable conditions of discharge to sewer 
mains. 





Double Check. This air gage unit is used 
by Carrier Corporation to check three dif- 


.. Malt 





eering ferent sizes of connecting rods for parallel- 
p. am ism, wrist pin bore and squareness of face 
Ralph to crankshaft bore. The unit was supplied 
rodua by Federal Products Corporation. Com- 

John bining flexibility with simplified design, 
rvisd. this dual station test unit provides more 


uniform quality control of precision ma- 
chined products. 
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ENGINEERS’ NOTEBOOK \ 


Many engineering problems can be solved with relative ease on 
Typical use is the determination of design 
factors and operating characteristics without construction of a 


an analog computer. 


model. 


Putting the Analog Computer to Work 


THE ANALOG COMPUTER has a direct application in 
many fields. 
ing and non-engineering fields which can be set up and 
solved with relative ease on a computer. Not only is time 
saved in the initial solution of the problem, but the con- 
stants can be changed, if necessary, without having to re- 
work or setup the problem again. 

The analog computer adapts itself particularly well to 
problems where the cost involved is too great to afford a 
failure. These problems can first be setup on the computer 
and tested to see if they are valid. In cases where failure 
occurs the cause can be determined and means taken to 
correct it. 

Solving problems on an analog computer consists of es- 
tablishing relations between voltages and real time that are 
mathematically equivalent to the problem variables. Volt- 
ages are used as the dependent variables and time as the in- 
dependent variable. 

The equivalent relations for a particular differential equa- 
tion are established through the use of computing elements 
which perform mathematical operations of addition, multi- 
plication by a constant, and integration. Computer solu- 
tion of an ordinary differential equation is thus accom- 


Here a computer is used to solve two design problems. 


There are thousands of problems in engineer- 


by Carl Heald, Project Engineer 
Heath Company 


Benton Harbor, Michigan 


plished by simulating the equation with these computig 
elements; setting the dependent variables (voltages) tot 
correct initial conditions; and then placing the compute 
into operation which forces the voltages to vary in a ma 
ner prescribed by the differential equation. The voltag 
variations are recorded with respect to the independent vat 
able (time). Recorders used are usually direct-inking 
recorders which plot a permanent record of the solutia 

The computing elements are comprised mainly of hig 
gain de amplifiers with various feedback networks. Tt 
transfer functions of such devices are determined by thet 
networks. Amplifiers employing resistive feedback mt 
works constitute computing elements for summing at 
multiplying by a constant. 


Heath desk-type computer 
plugged in for the mechanical 
bridge beam problem described 
in this article. The eight draw- 
ings of Figure 1, opposite page, 
illustrate the elements consid- 
ered in the problem. Figure 2, 
page 272, is a block diagram of 
the computer wiring setup for 
problem. 
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Amplifiers employing capac.tive feedback networks con- 
stitute computing elements for integrating. 
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Relays are employed across integrating amplifiers to hold 
the amplifier output at the same potential as the input. In 
problems having initial conditions, a voltage source is 
placed in series with the relay. This charges the condenser 
across the amplifier to the initial condition potential re- 
quired. When the computer is placed into operation these 
relays open, allowing the amplifiers to start integration. 





A Typical Problem in the Mechanical Field 


A practical problem would be that of finding the “bend- 
ing moment” and “elastic curve diagrams” for the beams 
of a bridge that support a bed or roadway. This can be 
done by first generating the load diagram for the bridge 
and then finding the second and fourth integral respectively. 
The 8 parts of Figure 1 (a through h) are diagrammatic ex- 
pressions of various aspects of this problem. Figure 2 
shows the computer circuitry for this bridge beam prob- 
lem. 

Choosing arbitrary values for simplicity of the problem, 
suppose we wish to construct a bridge 30 ft. long and sup- 
port it at the ends. Knowing the weight of the bed and 
beams and any other loads applied to the bridge, we can 
immediately setup the problem and draw the load diagrams, 
Figure la. In this case the load diagram is actually com- 
posed of three individual load diagrams: the beam and bed 
load diagram, Figure 1b; the support diagram, Figure 14d; 
and the truck load diagram, Figure 1c. Table 1 gives the 
Values for the reactions appearing at F, and F,, when the 
truck is placed at different locations on the bridge. 

By placing the truck at some particular spot, we can gen- 
erate the load diagrams. In the beam and bed load dia- 
gram, the load was assumed uniform and generated with 
4 pulse width of 3 seconds. This gives a conversion factor 
of 1 ft. equals 0.1 seconds. The bridge supports are 6” wide. 
Therefore the pulse widths of the supports are 50 milli- 
seconds. The loads applied from the wheels of the truck 
have a width of 6” each and are assumed to have a uni- 
form load distribution. This also gives a pulse width of 50 
































Se Table 1 

Bee | F, F, 
0 to 10 feet F\= 4,500—100X F.—1,500 + 100X 
10 to 30 feet F |—12,500—300 X F.= 300X—500 
30 to 40 feet F\— 9,500—200x F.= 200X—500 

a 








Figure 1, Right. 
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Computer Setup for Bridge Beam Problem 
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Figure 2. 


milliseconds for the tires. These are shown in Figures 1b, 
le and 1d, and have conversion factors of 1 volt equals 100 
pounds and I second equals 10 ft. The illustration at bot- 
tom left of page 270, opposite, shows the Heath computer 
setup for this problem. 

These three curves are generated individually on an ex 
ternal pulse generator and then fed into a combination 
summing and integrating amplifier, Figure 3. The output 
of this amplifier is the shear diagram, Figure le. This is 
fed to another integrator, the output of which is the bend 
ing moment diagram, Figure 1f. Feeding this to another 
integrator yields the slope diagram, Figure lg. This is 
then fed to amplifier 7 which inserts a new axis in this 
slope diagram. This would normally be done by summing 
the slope curve with a constant negative dc voltage. This 
voltage is equal to the area under the slope curve (area 
ABC) divided by the length of the beam (length AC), and 
multiplied by the same scaling factor that the slop diagram 
was multiplied by. 

Because the slope diagram at the output of amplifier 5 
was negative, a positive dec voltage was used to represent 
the new axis. The two voltages are summed in amplifier 
7, the output of which is the corrected slope diagram. This 


is then fed to the final integrator which yields the elastj 
curve diagram. This elastic curve is the shape or form 
which the beams in the bridge are actually trying to om 
form. These three diagrams are shown in Figure le, }f 
lg and lh respectively. 

Because the amplifier outputs are 180° out of phase with 
the inputs, the shear diagram and the elastic curve de 
gram come out negative or 180° reversed from what the 
should be. To correct this they are fed respectively to sig 
changing amplifiers. 

The integrating equation for an amplifier is 


1 


RC fey, dt where 


] 

RC 

is the time constant. Therefore by choosing different value 
for R and C we can run our problem at different time rate 
slower than real time, real time, or faster than real time 
In the case of the above problem, R and C were 1 megohm 
and 1.0 ufd respectively. Using these values the time co» 


] ; ' 
stant RC becomes unity or real time 
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Figure 3. 
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Figure 4, Top. Figure 5, Below, Right. 


A Typical Problem in the Electrical Field 

In the field of servomechanisms the analog computer has 
been put to great use. A practical example is determina- 
tion of characteristic of a dc Shunt Motor driving a gen- 
erator through a gear train. 

Ifwe have a servo system, such as that in Figure 3, with 
the following experimentally determined constants, we can 

this on the computer and find its operating char- 

acteristics without actual construction of the system. 


K, the motor torque 
K, the back emf 


» elasti K, the isolation amplifier gain 
form J,, the motor armature inertia 
toc, 2 the generator inertia 
le It f, the motor friction 

f, the generator friction 
se with N the turns ratio 
ve die R, the motor armature resistance. 


at they The motor has negligible armature inductance and is ex- 
to sig § cited from a constant voltage source. Also the input and 
error detecting potentiometer have an effective 360° of me- 
chanical travel. 

First setup the block diagram as shown in Figure 4 and 
then write the equations for it. 
The generator torque: 


values do. Jon do, . f., ‘ 
1 time, 

egohm | The motor torque: 

oe T. N T, K, i, 


The armature current 


dO 
. K, I me Ge 
‘. R, 
The output displacement: 
0. N 0, 
Where: 
N N 
’ N 
B= 6, 0. (Error) 


Substituting we arrive at: 
Meo) _ Ky do, RN d*e, ( a Jin . 
N dt K dt' : N? 


| : = 
dt fe N? ) 
Solving for the highe&t order differential of 0. 


®o, K, K, + R,N’f, + R.f.71 0 
— R, (N? J, + J.) 


au 


[x N K, K, N K, K, 
| ees, (NT, + 7) | % + E (N? J, 4 Ie 


. me K,, + R, N'f, + R, mY 


m 





R, (N? J, + Jn) 


“Vm 














K’’ N K;, K, | 
R, (N? J, + Jm) 


Then: 


d*o, _. de, a oe 
dt K’ dt K” 9, + K” oO 

This is now in computer form and is setup on the com- 
puter as shown in the block diagram of Figure 5. Because 
the constants K’ and K” are usually both larger than unity, 
amplifiers have to be used in the feedback loop. 

6, is the forcing function and is measured in degrees. 
This is converted into volts and fed into the computer. In 
this particular problem 6, can vary from 0° to 360°, so a 
conversion factor of 1° equals 0.2 volts was used. 

In general ©, is fed in as a step function in order to de- 
termine the correctiveness and accuracy of the servo sys- 
tem. 

Although these are relatively basic problems, problems of 
much higher degree and of a more complicated nature can 
be solved with less time and expense than would be in- 
volved if the problem were actually constructed and then 
tested. 
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Mathematical Description 


of Gas Flow 


for Control Purposes 


by G. V. Schwent, W. K. McGregor and D. W. Russell 


Instrumentation Branch, Engine Test Facility, ARO, Inc., 


The differential equations which describe the dynamic 
behavior for gas flow system are derived on both a lumped- 
parameter and a distributed parameter basis. The 
ods of operational calculus are used to solve these equa- 
tions for the case of sinusoidal and indicial forcings. The 
parameters of interest in control system synthesis are dis- 
cussed. The material is presented in the transfer function 
form used in feedback control systems design. The analy- 
sis of the Engine Test Facility, Arnold Engineering De- 
velopment Center, is included and the compared 
with actual experimental data. 


meth- 


results 


A THEORETICAL ANALYSIS was undertaken to deter- 
mine the dynamic behavior of a wind tunnel used in test- 
ing aircraft jet engines. The applicable physical relations 
are assembled to formulate the pressure and temperature 
response of the gas flow system to various disturbances. 
This paper presents a treatment of the problem of sufficient 
scope to be useful to the control designer. The material is 
presented in the transfer function form useful for fre- 
quency response and indicial response studies. 

An analysis of gas flow processes yields 2 very important 
results. 1. The plant properties important to the control 
design and their effects are determined. By integrating 
plant and control system design, it may be possible to avoid 
or minimize knotty control problems. 2. A map of the 
process time constants and gains throughout the operating 
envelope are obtained. This establishes the characteristics 
that the control components must possess. Once the dy- 
namics of the process to be controlled are defined, it is 
possible to proceed with the control system synthesis and 
design. 

Fundamental to this analytical treatment 
cation of the problem. The processes analyzed are very 
complicated. - However, by separating into smaller proc- 
esses and initially leaving out secondary or side effects, it 


is a simplifi- 


*2Superior numbers refer to similarly numbered references at the end 
of article. 
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PROCESS CONTROL SYSTEM DESIGN, Part 2 


Processes 


Tullahoma, Tennessee 


is possible to get a clearer understanding of the resulk 
The relatively simple transfer functions readily lend the 
selves to a physical understanding. Although some of 
simplifications used in the examples may not be valid ind 
systems, the approach is general and may be extendedit 
other configurations. 

The analysis of the Engine Test Facility, Arnold Em 
neering Development Center, is presented along witha 
perimental data that substantiates the method. A mm 
detailed treatment of the mathematics is included in ABD 
TR-55-11, ASTIA No. AD 88130, Analysis of Gas Flow i 
tems for Dynamic Control Purposes. 


MATHEMATICAL TECHNIQUES APPLIED 


Typical gas flow processes are shown in Figures 1 and? 
Air is supplied to the inlet of an engine by a compres 
system and exhausts from the engine to a lower pressim 
through an exhauster system. Accurate simulation of @ 
gine Mach number and altitude is brought about through 
control of exhaust pressure, inlet pressure, and inlet @ 
temperature. Control of pressures is accomplished through 
throttling valves; temperature is controlled by mixing bit 
and cold air from two legs of the air supply. 

For these analyses sufficient assumptions are made# 
that laws of classical mechanics hold throughout. The ge 
eral assumptions are as follows: 

1. The flow is assumed to be geometrically one-dime 
sional and is distributed continuously and uniformly 0 
the whole duct area, being a continuum; 2. Dissipatiaa 
by radiation and thermal conductivity is neglected; 3, The 
fluid is a pure diatomic gas which obeys the ideal eq 
of state. 

The pressure of a gas flowing in a duct is a function 
both time and distance. If the space variable is negh 
then it is considered a lumped parameter system. If the 
space variable is not neglected, it is a distributed parametet 
system. The equations resulting from the analysis o* 
lumped-parameter system are ordinary differential eq 
tions with respect to time; those resulting from 4 
tributed parameter analysis are partial differential ea 
tions with respect to both time and distance. The 
cients of these differential equations are not constant bit 
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iqure 1. (Top) ETF 
Seat System Sche- 
matic. Figure 2. (Bot- 
tom) ETF Airside 
System Schematic. 


depend on the pressure, flow, and temperature in the sys- 
tem. The small perturbation theory is utilized in order 
that these coefficients may be treated as constants for a 
given operating point. Then by determining the dynamic 
response at various operating points, the response to large 
excursions is bracketed. 


ANALYSIS OF ETF EXHAUST PRESSURE SYSTEM 


Figure 1 is a schematic diagram of the ducting layout 
and valve locations of the ETF Exhaust Pressure System. 
Actually the ducting contains coolers and the valves and 
exhausters are multiple units. However, in this analysis, 
the average duct temperature will be used in the calcula- 
tions and assumed not to change with operating point. The 
valves and exhausters can, for all practical purposes, be 
considered as single units. Also, not considered, is the 
surge system which bleeds in air from the atmosphere to 
maintain the flow through the exhausters above surge flow. 

The disturbance is a change in weight flow through the 
engine, W,. The final control element is the throttling 
valve area, A. The variable to be controlled is the duct 
pressure, P,. The function of the control system is to main- 
tain the duct pressure constant during a change in engine 
weight flow or to change the duct pressure to follow a tra- 
jectory, a programmed change with time. The delta func- 
tions represent the small perturbations about the steady- 
state operating point. 


lumped Parameter Analysis 


The system is analyzed in four parts and the equations 
derived for each part. These relations are combined to 
form the two transfer functions of interest, 


AP, (s) AP, (s) 
AW,(s) ' SA(s) 


The first part to be analyzed is the volume between the 
gine and the control valve. The assumption is made that 
temperature, 0;, and pressure, P,, are instantaneously the 
ume everywhere in the volume. Then, the change in 
density of the gas is the difference in weight flow into and 
out of the volume. 


That is, w, Ww, 
d P, ca ae 
dt V, 
‘ d P, 
An expression for at can also be derived from the equa- 
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tion of state for a perfect gas. If this is substituted into 
the above equation, and if the process is assumed to be 
isentropic, then the pressure will be related to the net flow 
as follows, 

d P, Ww. =< We 

dt V:/yRe 
If the process were isothermal, then it would be necessary 
to substitute 4 1. In terms of the Laplace variable, and 


i 
using perturbated variables, then 


1 
A P,(s) ie [AW,(s) AW. (s) ] (1) 
1 
where C, lumped capacitance of a volume Vs 
7y¥RO 

l=y=14 

V, — volume, ft* 

R — gas constant, 53.3 

@ — gas temperature, °R 

P w— gas pressure, lbs/ft* 

Ww weight flow, lbs/sec 


+ — ratio of specific heats 


The second part to be analyzed is the relationship for 
flow through a valve. The valve relations will be discussed 
in greater detail iu a subsequent article. The equation used 
is that for flow through a nozzle as follows: 


Figure 3. Exhauster Curve 
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an _ > > 
w=) 27 8 A P, t (>) 
R(y — 1) V6, 


ee P, fLAS 
p> 0.528 f ) 5) 


> 


P, P, 
pe <0.528; ((;") 0.257 


P,/P, 0.528 is defined as the critical pressure ratio. For 
pressure ratios lower than this, the valve is said to be 
choked, and conditions downstream do not affect flow. 


The valve equation can be expressed as W e{?.,, A, Pe) 
If this exprcssion is differentiated, then 
\ oO W. p > WwW > W, 
d W 2P, ° 1+ aq GA 4 :P d | 
or, on a perturbated basis 
AW. KAP, + KAA k.AP (2) 


where the partial derivatives have been replaced by the K’s 


The third part to be considered is the relationships for 
the second volume. This volume is handled in the same 
manner as the first, from which 


A? = : (A W A W;) (3) 
2 C. 8 

The fourth part to be analyzed is the relationships gov- 
erning flow through the exhausters. The six exhausters 
used in the Engine Test Facility are driven by induction 
motors which are essentially constant speed drives. These 
six exhausters can be operated in several combinations of 
series and parallel configurations. When the system is ex- 
hausting into the atmosphere and when the inlet tempera- 
ture is fixed, then the inlet pressure and weight flow are 
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INCREASING 


Figure 4, Fre, F 
ALTITUDE quency R tr 
urves, E F 
System, xhaat R 
— — — UNCHOKED 
related by a single curve. Such a curve will exist for w 
series or parallel combination. Figure 3 is an eXamy 
curve. The horizontal section of the curve will] be rege 
nized as the surge region. On a perturbated basis A 
. Hi 
A W; = K, AP, (i easi 
. A 
where K, is defined on the curve. Being constant eE sion 


drives, the exhauster dynamics are not considered. Thi 
The basic equations can now be summarized: 


the 

resu 

A P, C [A W A W,] fun 
cha. 

AW. = k&, AP, + kK, AA k, A P, 1} 
, ¥ 

AP {aw AW] : 
C, 8 ¢ 

AW K,.AP 


A simultaneous solution of these equations yields thm 3. 
quired transfer functions which are of the form, 


~ 


A P,(s) K. (e3 + 1) 4, J 
A W,(s) (7,8 + 1) (4.8 + 1) ; 
i 

A P,(s) k,/k, (8 + 1) ' 

A A(s) (7,8 + 1) (7,8 + 1) ord 


Ordinarily, the next step in the analysis would be toi 7 
sert numerical values into the equations and plot then 
sponses for various operating points. However mud¢ 
this labor can be avoided and, more important, a belt 
physical interpretation of the responses is possible ift 
transfer functions can be reduced to first-order expressii@ 
Such is the actual case when the valve is choked. Forti 
special case, k, 0 and the transfer functions are 
A P,(s) P,/W, 

A W,(s) P,/W,Cs + 1 





Figure 5. Dis 
tributed Paramett! 
Frequency 
Response. 







ISA Jom 


4. By 
y R 
Exnas 


‘ist for 
in @ 

1 De regy 
sis, 


({ 


tant spel 
ed. 


Ids ther 


| be to it 
ot the r 
much @ 


ble if 
pression 

For th 
are 


Dis- 
aramet! 
F 














9 6. Dis- 
tributed Parameter 
Frequency 
Response. 


Figure 


A P,(s) 
AAs) ~ P, (6) 


A mapping of these expressions can be accomplished very 
easily. 

A detailed study of the manner in which these expres- 
sions change as the valve becomes unchoked was made. 
This study revealed that, for all practical purposes, only 
the choked valve case need be considered. This conclusion 
resulted from substituting the K’s and C’s into the transfer 
functions. The system was found to have the following 
characteristics: 

1, Maximum gains and minimum time constants occur 
when the valves are choked. A direct conclusion to be 
taken from Equations (5) and (6) is that the percentage 


change in pressure is never greater than the percentage 


change in weight flow or valve area. 
The system is always overdamped. 
- wf = 


3. T3 = Te 


Az? 


4, At high frequencies the frequency response, Ww 


(jw), 
is independent of operating point or whether the va!ve is 
choked or unchoked. 

These characteristics lend support to using only the first- 
order approximation of the transfer functions. 

The choked-valve transfer function for A P,(s)/A A(s) 
can be manipulated into the form 


AP, 

( . ) 0.528 P,/W, a 
= (Ss) 6 P (4) 
AZ V1 ’ n 

W Cc. 8 l 


by solving for A in the valve equation and substituting into 
Equation (6). Frequency response curves for this transfer 


' AP ae ' 
function and (jw) are shown in Figure 4. Note 


AW, 
that on both sets of curves, the high frequency is inde- 
pendent of operating point. 


Distributed Parameter Analysis 


The distributed parameter analysis was made to take into 
consideration the space variable. A finite time is required 
for pressure waves to propagate from one point to another 
and reflections occur, which are the organ-pipe effects. 
Electrical transmission line equations are analogous to 
those of the gas flow and may be applied to describe the 
ystem. On a frequency response basis, the distributed- 
parameter analysis establishes the frequency realm in 
Which the lumped-parameter analysis is valid. 

In the distributed parameter analysis of the ETF ex- 
haust system only the volume between the test cell and the 
control valve is considered. The control valve is assumed 
lobe choked and the volume is considered as a straight duct 
of uniform cross-sectional area, A,. The actual velocity of 
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the gas is considered to be very small compared to the pres- 
sure wave propagation velocity. 


The basic equations are: 


s(A W,) OCA P,) . 
Cc e 
O x re) t ‘ ) 
(A P,) o(A W,) w P 
: n r $ 
where 
x — distance measured from valve end, ft 
‘ ; P : pe . 
ec — distributed pneumatic capacitance 2 
: ‘ a? 1 
h distributed pneumatic inertance 
A, £ 
ae ; A P, 
r distributed pneumatic resistance (a W,) (ax) 
u velocity of sound propagation, ft/sec Vy7yZzRO 
g acceleration due to gravity 32.2 ft/sec 
A, duct cross-sectional area, ft*® 


The distributed parameter capacitance is the lumped- 
parameter capacitance divided by the length of the duct. 
The distributed-parameter capacitance can also be derived 
from the continuity equation by considering an incremental 
element of the duct. This equat:on states that the rate of 
decrease in weight within the incremental volume is equal 
to the net rate of weight flow into the element. The in- 
ertance term can be derived by considering that the net 
force acting on the fluid within the elemental volume is 
equal to the mass of the fluid times acceleration. The re- 
sistance term arises from losses in pressure with distance 
due to friction, walls, turns, coolers, etc. This loss is a 
function of weight flow. 

The solution of these equations greatly simplifies for the 
Once this solution is obtained, the ef- 
fect of resistance can be studied. The solutions which fol- 
low are based on r 0. 

The response of pressure at any point in the system toa 
sinusoidal input of weight flow at the test cell is 


resistanceless case. 


P, x i a x 
, cos j sin 
4 P(x, jw) W u”tJjve > 
, : > I 
A Wats do) L 2: ; 4 
cos r --uec sin 
a ** J W, Phas 


The response of the pressure at the test cell is 


P, L 1 : 
— ; sin 
A P,(L, jw) 7 -".s * tJ We u 10) 
A W,(L,jw) L > a * ‘ 
cos u” 7 J W, uc sin u w 
The response of pressure at the valve end is 
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Figure 7. Distributed Parameter Indicial Response. 
A P, (0, jw) P,/W, 
A W,(L, jw) ~ L L (11) 


cos w + j wr uc sin u” 

The response of pressure at the test cell to a change in 
valve area can also be derived. A straightforward method 
of doing this is to write the equations in terms of inlet con- 
ditions. A change in pressure at the cell can occur without 
a change in weight flow into the system. Therefore, the im- 
pedance looking back is infinite. Then by substituting the 
perturbated form of the valve equation, 


A W, (0, jw) k, A P,(0, jw) + kK, A A(jw) 


the desired transfer function can be written 


AP,(L, jw) 


AA(jw) L  ~?p,  - 
cos—) w + j W, uc sin u” 


Figures 5 and 6 are frequency response curves of Equa- 
tions (10) and (11) respectively. Values of w at which 


Nru 


maxima and minimum occur are w oT.’ 
mis 


n ®, 1,°° 


Note that these values of frequency are such that the length 
of the ducting is a multiple of a quarter wave length. 


A Pp, ( L, jw) 
AW, (L, jw) 


1 ( P. 2 
has) 


The phase shift of -can be shown to 


fluctuate between + Tan“ 


A P, (0, jw) 


AW, (L, jw) is ninety degrees at 


The phase shift of 


u P 
w= = and drops off very rapidly above that frequency. 
The response to a step-function input in engine weight 
flow can also be derived from the same pair of basic eg 
tions, (8) and (9). Again r = 0 is assumed to obtain ithe 
following solution: 
Atlant) .. ak se 


A= 9p" ] 4 —< (n + 1) 


|A W,(L) Ww, (1 + 38)" Hf 
ae 
(13) 
ir 
e 9 
we . = 27M 

where § = me 

W, 
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A P, (0, t) Pp. 1— §\" 
. - 1 — > (n—4 
A W,(L) W, 1+ 35 a)< 
t <(n-+ %) 
2 - (lf 
u 







Equations (13) and (14) plot to give the 


Stair-step 
as shown on Figure 7. oan 


The time between SUCCESSIVE gp 


, is the time required for the pressure Wave to try 


9) 


the length of the duct and back again. For a step-funct) 
input in engine weight flow, the test cell Pressure jmp 
diately jumps to a new value. The pressure at the yap 


end does not change until seconds. Essentially, 4 


response is a summation of unit steps each delayed 
| 


seconds and the amplitudes decreasing exponentially 


The initial jump in pressure is 


A P, (L, ot) p, . 
4 W,(L) w, °= 27m 
p,( L* 
A 1 Oo, u ) Pp. 


9 
( asm) tM 


Correlation of Lumped and Distributed 


4 W,(L)|~ W, 


Parameter Analyses 

The expressions derived to represent the distribu 

parameter transfer functions can be reduced to the lump 

21 
parameter case as decreases. This is verified by tt 
ing the limit as the duct length approaches zero, the volu 
remaining constant. 

The deviation of the distributed-parameter frequencyp 
sponse curves from the lumped-parameter ones begin t 
become excessive for frequencies just below the first ree 
nance or anti-resonance. This frequency is defined ast 













© 





wu 


critical frequency, w, 9] The break freque 


the lumped-parameter frequency response curve is 


| 


“yA | +R 0, W,/ P, Vy 


Wp ” 


The ratio of these reduces to 


wr 27M 


Ww Tr 


where M is the Mach number of the gas flowing in 
tem. 

This ratio provides the key for determining whe 
lumped-parameter approach is valid or not. If the 
small, then the lumped-parameter analysis is valid 
the break frequency. Therefore the crossover 
of the controlled system can be made well past the 
frequency and good control will be possible. If, 
the ratio is large, approaching unity, then dis 
parameter effects which introduce resonances and @ 
phase shift will be noticeable at the break freque 
a high gain control system will be impossible. Sine 
ratio is a function of a single variable, Mach number 
at low Mach numbers the lumped-parameter anal 
be sufficient. 

The same treatment can be extended to the ind 
sponse expressions and similar results apply. De 


rv, — lumped-parameter time constant 


r. — time required for the pressure wave to travel 
duct length and return 
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+ 24 M 

“Step cup, Te i a 

"SSIVE tig initial jump in pressure at the test cell has been shown 
te 2 > M. Therefore, if the Mach number is small, 

Ve to tray Tos distributed-parameter steps will tend to merge into 
continuous line representing the lumped-parameter re- 

ep-fun - 

; sponse. 
sure imp. 
i Experimental Data 
: imental data has been taken on the response of 

nual, t eee acheust pressure system. Figure 8 is an experi- 

| 1 ital frequency response curve compared with a calcu- 

“a lated curve based on the lumped-parameter equations. The 

tially, pressure transducer was located at the same end of the 
duct as the valve causing the inflow disturbance. The 
curves are in good agreement up to the critical frequency 
point, 3.48 rad/sec. In this region the lumped-parameter 
equations do not take into account the phenomenon which 
causes resonances, SO a correlation cannot exist. 

The experimental data is somewhat scattered at the high- 

er frequencies. Effects of noise from irregularities in flow 

M pattern made it difficult to clearly distinguish resonances. 
Also, secondary resonances from elbows and restrictions 
due to coolers, may have contributed to the scatter. 

An experimental step response is shown in Figure 9. 
| This was for a slightly different ducting configuration from 
stribulé} that used in Figure 8. The reason for including this data 
 lumpel is because it illustrates the stair-step response predicted 

from the distributed-parameter equations. The time be- 
d by k= tween successive steps correlates very closely with calcu- 
lated values. 
ie Volum The experimental data also offers an insight into the ef- 
fects that duct resistance introduces. The attenuation of 
uencym— the resonances on the frequency response curves and the 
begin t 
pe Figure 8. 
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rounding off of the steps in the indicial response curves 
are attributed to duct This was substantiated 
by taking a set of specific values and plotting the frequency 
response with and without resistance. 


resistance. 


ANALYSIS OF ETF AIRSIDE TEMPERATURE SYSTEM 


To simulate Mach number at a certain altitude, tempera- 
ture at the engine inlet must be controlled. In ETF the 
final control element is a set of mixing valves which pro- 
portion air flow from either a hot or a cold air source. 
Actually, in ETF, these valves are also the inlet pressure 
control valves. The system is designed so that the valve 
positioning systems take separate inputs for pressure and 
for temperature control. This is accomplished by the valve 
positioning system in such a manner as to minimize inter- 
action. Only the temperature analysis will be considered 
since the pressure analysis would be very similar to that 
for the exhaust system. In the air side pressure analysis 
the engine weight flow would have to be considered as a 
function of inlet pressure. 

The mixing takes place at constant pressure. Since the 
heat loss by the hot gases is equal to the heat gained by the 
cold gases, then 

C, Wi (On — Om) C, W. (Om — 0.) 
If the 
stream 


valve flow relations are substituted 
pressures are the same, then 


oo & 
®, | 1 +| 0, a 
Orn A. 
@. Ars 


assuming up- 


Om 
.4 | 


The temperature of the mixed gases is a function of the 
valve area ratio only. To prevent interaction with the 
pressure control when this ratio changes, the total weight 
flow must remain constant. If the assumption is made 
that the positioning system performs this function, then 
the equation can be written as follows: 


Experimental Frequency Response, Exhaust System. 
































Figure 9. 











Experimental Indicial Response, Exhaust System. 

















/ 0. 
Se yA 
Om = O- + 7 “a (On + 0.) An 
| Oc 
A, + ) A, 
On 
= . 
where( A. + | ra ~Ay) is a constant if the total 
h 


weight flow remains a constant. 


Then, on a perturbated basis, 


i Pe 
— 0.) 
| 9, (or — ©. 


i | 0. A. 


On 


A Om 


a A, (15) 


There is a transport lag between the point of mixing and 
the test cell due to the time required for a particle of air 
to move that distance. This is represented as a pure dead 


time. The complete transfer function now becomes, 
'E aaa 
(On = Oe) > 
A Om(8) On _~.c.—-s (16) 
€ Y W 
A A, (s) 0. 
, A. | A, 
On 


A polar plot of the frequency response is a circle of radius 





0, 
(¢ — 5 
| On me 2 


A. + | 


__ 


0. 
A 
On 


with its center at the origin. The phase shift in degrees is 


360 +¥C,P 


fr ad 
CONCLUSIONS 


The paper has pointed out that accurate results are ob- 
tainable when the exhaust pressure system is represented 
by a first-order transfer function. At an operating point 
selected, the time constant is simply the pneumatic capaci- 
tance multiplied by the ratio of the pressure to weight flow. 
The gains can be calculated by considering that the per- 
centage change in pressure is equal to the percentage change 
in engine weight flow or valve area. Thus a mapping of 
gains and time constants for the entire facility operating 
envelope can be accomplished very quickly. 

The distributed-parameter equations establish 2 very im- 
portant facts. 1. The upper frequency limit for which the 
lumped-parameter equations are valid is defined. This 
upper frequency limit, w,., is that whose quarter wave 
length is equal to the length of the ducting. 2. It provides 
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— 


information as to the upper limit possible on the Cros 
over frequency of the controlled plant. At 2y, the pha 


> 
1 


A 
shi j is ,. 
shift of AW, (jw) is 18 


Above this frequency, i 


phase shift increases rapidly. So the maximum pogj) 
value of the crossover frequency of the controlled plant; 
twice the critical frequency. This, in turn, establishes 
dynamic response requirements of the control valve tog 
tain all the performance capabilities of the process, 

The most important features which influence control» 
the volume of the ducting and the distance between & 
control] valve and the test cell. A large volume, short nal 
duct is best for maintaining constant setpoint when @ 
jected to disturbances. In this case the critical frequen 
is high, the Mach number is low, and the time constam 
are large. Thus a high gain control system is possible } 
smaller volume, short length duct would be preferable fy 
rapid changes in setpoint. However the conflicting requir 
ments can usually be compromised. 

The airside temperature system transfer function is om 
posed of a gain and a dead-time term. The dead time} 
the time required for a particle of gas to go from the @ 
trol valves to the test cell. The closer the valves art 
the cell, the better dynamic response possible. Howew 
the pressure requirements and length of ducting requin 
for good mixing of the hot and cold gases must also be 
sidered. In addition, engine weight flow disturbances # 
not affect temperature, so the only dynamic response t 
quirements will be those dictated by trajectory simulatia 

A study of the secondary effects has not been includé 
in this paper since each facility would have its own spetift 
characteristics. However these can impose very serio 
limits on performance and should be investigated. As@ 
example, if the heater outlet temperature drops a lag 
amount for sudden air flow changes, all the control syste 
could do is open the hot side valves and close the cold sit 
valves. Small changes, on the other hand, are not 
ticularly bothersome since a feedback control system @ 
compensate for them. Therefore it is important that # 
ondary effects be studied to determine their effect on @ 
trol performance. 

All pertinent information to the synthesis of the clo# 
loop control systems has been generated herein for the® 
ample process. 
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Flow chart of the tem- 
perature and humidity 
conditioning system of the 
electronics building where 
navigation and fire control 
instruments are checked 
before installation. 


Humidity 
Control 





Aids Bomber Instrument Testing 


by F. M. Thomas e 


HUMIDITY CONDITIONING has become an indispensa- 
ble tool in establishing standard environments for testing, 
rechecking and repairing electronic navigation and fire 
control instruments before installation on one of the na- 
tion’s medium jet bombers. Douglas Aircraft Co., Inc., has 
found that the accuracy demanded of modern aircraft in- 
struments is best obtainable when all atmospheric con- 
ditions — humidity as well as temperature are closely 
controlled throughout the procedure of preparing these in- 
struments for use in its 600 mph, six-jet B-47 bombers. 


In line with the military need for devices which have 
had the bugs engineered out to minimize operational and 
maintenance problems, the company in 1951 built a three- 
story electronics building at its Tulsa division for these 
operations: 


1. Bench mounting for inspection of navigating, bom- 
barding and remote control gun turret systems. 


2. Making these systems “ground functional.” 


3. Calibrating the fire control by sighting 


through windows to fixed targets. 


systems 


4. Storage of systems and components until needed. 


In addition, all gages and other instruments used in the 
plant are periodically checked against master gages kept in 
this electronics building. An instrument repair laboratory, 
where hermetically sealed systems frequently must be 
opened, also is housed there. 


In the design of the building, air conditioning naturally 
was planned from the start, not only from the point of view 
of comfort of the personnel to be working in it, buat to 
establish the best possible physical environment for the in- 
struments. Performance varies because of both dimension- 
al changes with temperature change and corrosion due to 
humidity factors. While these variations may be unavoid- 
able in flight, they can be eliminated on the test benches 
80 that inspectors are confronted with pure electronic and 
mechanical problems. 


Thus Douglas engineers and the architect determined at 
the start what conditions of temperature and humidity were 
desirable and then designed the building and selected equip- 
Ment to achieve and maintain those conditions - dry bulb 
temperature of 78 F and 50 gr/lb moisture against outside 
design conditions of 120 F and 130 gr/Ib 


August 1956 





Thomas Engineering Co. e 


Tulsa, Oklahoma 


To achieve the conditions, an air conditioning system 
built around Kathabar chemical type humidity conditioners, 
supplemented by refrigeration, was installed. The humid- 
ity conditioners, made by Surface Combustion Corporation, 
use a solution of lithium chloride to absorb excess mois- 
ture from the air. The lithium chloride has absorption 
properties the opposite of air’s the colder it gets, the 
more moisture it absorbs. Thus by varying the tempera- 
ture of the solution. the moisture content of the air treated 
can be closely controlled. 


The unit consists basically of an air washer section and a 
regenerator section. Untreated air through the 
washer section where it is exposed to a flood of lithium 
chloride solution. In the regenerator section a portion of 
the solution is heated, by 25 psig steam, to drive out the 
moisture taken from the air, and the moisture driven off is 
vented outside the building by a scavenging air stream. 
This suffices to regenerate the remainder of the solution. 
Both the dehumidifying and the regeneration phases are 
continuous and automatic, with no shutdown necessary for 
recycling, defrosting or recharging. Routine maintenance 
is simple and does not require the services of a licensed 
engineer or other specially trained personnel. 


passes 


At the Douglas plant, three units are used. The first con- 
ditioner, called a “topping unit,” uses cooling tower water 
at 85 F, takes 12,500 cfm of outside air and effects the 
initial dehumidification. This air, at maximum tempera- 
ture of 101 F and 45 gr/lb moisture, is divided between the 
other two units which serve the three floors of the build- 
ing. 


The larger unit serving the upper floors is a duplicate of 
the first. It takes 7,500 cfm of the fresh air, plus 5,000 cfm 
of recirculated air. It cools and dehumidifies this air mix- 
ture from a maximum of 91.6 F and 47 gb/lb to 71 F and 
23.5 gr/lb. In this unit 45 F water is used as the solution 
coolant. The output of this conditioner is mixed with 
45,000 cfm of recirculated air. The dehumidified air is then 
passed through an after cooling coil and distributed to the 
upper floors at 53 F and 44.3 gr/lb. A similar but smaller 
system serves the first floor. 


The internal sensible heat load is 315,600 Btu/hr, the in- 
ternal latent 106,000 Btu for the first flow. The heat load 
of the two upper computed at 1,553,000 But/hr 
internal sensible and 225,000 Btu/hr internal latent load. 


floors is 
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» Progress Report of Food Industry Instrumentatig, 


@ The author of the first report is chairman of the Food Sub- 
committee of the ISA National Committee on Instrumentation in 
the Process Industries. This report is based on a paper by Mr. 
Anderson before Jan. 20 meeting of the National Canners Associa- 
tion in Atlantic City. It is one of several presentations in the field 
of instrumentation at this meeting, programmed as a result of 
original planning by the Food Cubcommittee. 


In the transition of the preparation of food from the 
home to the commercial kitchen, a steady application of 
scientific and technical principles has changed the process 
of preparing food from an art to a science, from an indi- 
vidual act of production to mass production, and from physi- 
cal and mental effort to mechanical and technical effort — 
all of which adds up to making use of the old techniques 
newly called automation. 

Basically we consider the food industry a process indus- 
try in which a combination of manual and mechanical func- 
tions result in the processing of raw materials in such a 
way as to supply a safe, appetizing food of high quality and 
reasonable cost which can be stored and distributed to the 
families of the world. The major reasons for applying the 
principles of automatic control are increase of quality, re- 
duction of manufacturing costs and substitution for un- 
available manpower. 

As concerns quality, the ability of control devices to 
function without deviation and fatigue often makes them 
superior to manual and mental functions. Manufacturers 
find that by relying on automatic controls for measurement 
and control of system parameters, they are able to con- 
sistently produce a product of uniform quality. 

A simple illustration of this would be the control of tem- 
perature of a liquid material being heated in a heat ex- 
changer. A controller is on the job every second of the day 
without requiring rest. Components can be built into such 





Photo Courtesy Taylor Instrument Companies 


Typical instrumentation on canning retorts in large 
midwest food plant. Pressure, temperature and proc- 
essing cycle are automatically controlled for batch 
operations. 
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by J. B. Anderson 


H. J. Heinz Company 


Pittsburgh, Pennsylvania 


an instrument enabling it to sense and correct variances 
a manner beyond the consistent capabilities of an operat, 

Reduction of manufacturing costs can stem ‘from seven 
sources. The most common reduction is through saving 
in direct labor, although savings may also result from eligi. 
nation of ingredient waste, maintenance, replacement egg 
or even in capital investment. 

There are further advantages of automatic conty 
brought about by the unique operations of many food pad 
ers due to the seasonal nature of many of the operation 
The requirement for large amounts of manpower in log 
ized areas for short periods of time places tremendoy 
strain on recruiting programs and often becomes an almg 
impossible obstacle to overcome. Many of the manufacty 
ing processes, while generally composed of rather homey 
operations, still require considerable ingenuity on the pa 
of operating personnel, and the obtaining of personnel hay 
ing the desired qualifications presents another problem. 

Svery machine used by the food industry presents a 
vantages which fall under the basic definition of autom 
tion. Automatic labelers are a good example of such ang 
plication, as are continuous sterilizers, tubular heat & 
changers, evaporators or any other of the highly mech 
nized pieces of equipment which have long functioned a 
necessary aids to production. 

The extent to which the technology can be applied a 
ers a tremendous range from simple to complex. The é 
velopment of liquid and dry ingredient feeders which mak 
use of many of the basic principles of instrumentation har 
made possible fully integrated blending systems. One mm 
jor manufacturer has an installation in which each ofi 























Photo Courtesy The Foxboro Compas 


A bank of seven automatic retort controls at Stokley 
Foods, Indianapolis. Instrumentation includés dual 
pressure-temperature controllers, timers, valves and 
auxiliary equipment. 
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per of ingredients is fed in accordance with the recipe, 
he rate of operation is altered by merely changing the 
e master pacing unit. Each feeder can be indi- 
djusted to change the recipe, but once set, the 
s feeds the correct ingredient ratios regardless 


num 
and t 
rate of th 
yidually @ 
ynit alway 


te of operation. ' 
i ahaen! the food industry is behind some of the proc- 


ess industries in these applications. There are many ex- 
amples where these principles can be used advantageously, 
and rather extensive installations have been made. This 
does not imply that the food industry is any less progres- 
sive, but more likely confirms the fact that in many cases 
food industry techniques are not entirely suitable for ap- 
plication of principles of automation. Additional difficul- 
ties are presented by the seasonal nature of many of the 
operations which makes it difficult to amortize the high 
capital cost of automatic process equipment over a short 


period of operation time. 


Sometimes management is surprised upon discovering an 
economic advantage which they did not originally antici- 
pate. One difficulty however is that half-way investment 
will occasionally extract most of the savings making it im- 
possible to justify the balance of the investment spending. 
It is essential though to guard against investing in equip- 
ment which may be temporarily expedient and economical 
but which blocks progress in the long run. Many indus- 
tries are able to justify a rapid change-over to the most 
complicated methods of control, but for the food industry 
there wiil be continued steady advances in the applications 
of instrumentation and a gradual evolution towards the pre- 
forming of many of the manufacturing functions by auto- 
matic methods. The industry will inevitably proceed to the 
“push-button” factory which will result in better products 
at lower cost. The future will find that the food industry 
has one of the greatest potentials in the application of tech- 
nological developments. 





> Nuclear Industry 


The nuclear industry is breeding more useful and more 
yersatile instruments and instrument techniques every 
month for use by the other process industries. Some of 
the most noteworthy examples include radioisotope ap- 
plications, various forms of servo-manipulators, and more 
analytical instrumentation. 

Among the unusual components now available commer- 
cially, but having origins in the nuclear program, are a 
small diameter corrosion-resistant thermocouple-pair wire, 
pneumatic force-balance type transmitters for use on high- 
lycorrosive chemical services (with complete isolation of 
signal output from process input) and a mercury jet selec- 
tor switch which utilizes a whirling stream of mercury to 
scan several hundred thermocouple pairs in a matter of 
minutes. 

Radioisotopes applications have “reappeared” in such di- 
verse forms as thickness gages in the steel industry, plat- 
‘ingthickness gages in the electro-finishing industries, densi- 
ty gages for the tobacco and chemical industries, and “trans- 
ferred-ink-quantity” gages for the paper and printing trades 
industries. Medicine has benefited highly from brain tumor 
localization by positron emitters and also blood circulation 
determination with various forms of scintillation counters 
having origins in the nuclear field. 

The reactor phase of the nuclear picture has fostered the 
development of new and rapid electronic actuators and spe- 










‘The Technical Association of the Pulp and Paper In- 
may be credited with the most notable contribution 
wé year to progress of instrumentation in its industry — 
formation of a Process Instrumentation and Control 
ttee which set forth the following objectives: to es- 
an organization within TAPPI where instrumenta- 
engineers may exchange information for mutual bene- 
present papers at society meetings to acquaint other 
er l of the industry with process instrumentation and 
‘Control ; to be primarily interested in the application of in- 
strumentation and control to processes of the industry; to 
operate with other committees of TAPPI in promoting 

and more controllable processes and with other or- 
Sanizations such as ISA that show an interest in the ad- 
Vancement of instrumentation; to establish a subcommittee 
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cial amplifiers. Scaling and high-speed counting techniques 
have found their way out of the “pile” into current indus- 
trial production lines. Servo-manipulators whose progress 
and practical design were stimulated greatly by nuclear 
reactor programs are being found in such hazardous opera- 
tions as explosives handling. 

The entire nuclear field has been an accelerating influence 
towards development of centralized control and graphic 
representation devices and it continues to account for a 
fair share of this type of instrument business today. Data 
reduction and logging equipments are in force wherever 
there are complex accountability problems due to the val- 
uable nature of most radiochemicals products. 

Central organization of instrument personnel seems to be 
the rule, rather than the exception, in this field. This is 
probably due to the high-percentage cost relationship of 
instruments to process equipment and also because of the 
early recognition of the importance of measurement and 
control functions by government and contractor manage- 
ments. 

Some 400-odd AEC-assigned patents relating to instru- 
mentation were recently made available to industry on a 
liberal licensing basis and more are in the process of being 
released each day. In addition, the “Atoms For Peace” 
Program advocated by President Eisenhower will aid ma- 
terially in the release of many items in security wraps. 





Pulp and Paper Industry 


which will make available an up-to-date list of literature on 
instrumentation. 

The paper industry has increased its use of instruments 
to improve quality and quantity of production. Past ac- 
tivity has been in the pulping phase of the industry. Gen- 
eral interest now is directed toward the paper making 
phase. Future requirements are improvement of quality 
and quantity of production in the finished product. Data 
reduction, automatic logging, computing and programming 
equipment are being watched. Application of punched 
card control to several specific paper making processes has 
developed interest. Acceptance of this technique of con- 
trol appears imminent. Several new stock flow metering in- 
struments utilizing various electrical phenomena have ap- 
peared. Their success points to notable improvement. 
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_ P Why I Should Attend the ISA Conference & Exhihi 


by Robert G. Quick, Engineering Manager e Flight Research, Inc. e Richmond, Virginia 


THIS IS A STATEMENT that many instrument people 
and others have been making about the //th Annual ISA 
Show in New York this Sept. 17-21. There are many 
good answers. I personally feel the reasons are much the 
same as they were last September when I went to the Los 
Angeles ISA Conference. 


While an ISA Show answers many technical problems and 
questions for a great many visitors, it is not particularly 
efficient to attend any conference with the idea of getting 
an answer to a specific problem. With the host of technical 
experts present at such a meeting, all interested in prob- 
lems and subjects basically related, the chances are good 
that you can get answers to many problems. 


Back in 1944 when the Instrument Society of Washington 
was first formed, it was our belief that this Society could 
function as a meeting place or clearing house where tech- 
nical people from all the different sciences could assemble 
together and discuss their measurement or control problems 
and solutions. It should also be a clearing house for the 
mechanic and the professional staff. Frequently, the actual 
work performed by a research staff consists of instrument 
building or adapting. The very nature of the study de- 
mands more sensitive, more accurate or totally new meas- 
urement or control technique. 


Many of the more effective men in the research field 
gradually become quite skilled as mechanics just to get 
their work done. On the other hand, the instrument 
mechanic of today must have a broad general working 
knowledge and understanding of many fields of science and 
engineering to understand the instrument problems. The 
association of men of every level of technical endeavor with 
others from all different technical fields is the thing that 
makes ISA unique and is its greatest strength. 


The friendships you build in your sections and the people 
you meet at a conference are a very important considera- 
tion. Let me digress a moment on my personal experience 
at the Los Angeles conference. I have been active as a 
section officer of ISA since 1944 or two years before the 
society was fully organized. During this time I have 
attended every possible National Conference and local 
meeting in Washington, in New Jersey, and now in Rich- 
mond. I have been active in the instrument field for some 
time before that and have been associated with many fine 
persons, who have moved and are now scattered all over 
the country. During this week, when I was over two 
thousand miles from home, I met and talked with at least 
two hundred persons whom I had known, respected, and 
worked with at various times. I also met quite a few new 
people. This is indeed a rewarding experience. 


The Conference this year will be considerably larger, 
with much greater attendance, than the conference last year 
at Los Angeles. You can get the details from the program 
outlined in the July 1956 issue of the ISA Journal and 
the detailed program recently mailed to all members. 


The most important thing to realize is that here under 
one roof will be the greatest collection of instruments and 
instrument experts that have ever assembled in one place. 
Here will be the greatest opportunity ever offered to learn, 
to get the feel of the importance of the instrument field, 
and to become better acquainted with others in the field. 


There will be far more information available than any 
one individual could ever absorb. You will have a choice 
to look toward the future with the earth satellite, exhibits, 
and technical program. Many aspects of the program will 
cover more immediate problems with practical information. 
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If any one part of this event can be termed futuristic) 
is the technical sessions. Many papers are origina] Work 
written and presented when relatively few are immed 
concerned with a present-day problem to be solved quickly, 
It is foresighted information, a year or more ahead of any 
large volume demand. In technical sessions, thoge Con. 
cerned with design, advanced planning, teaching, and » 
search will find valuable information which has Not ye 
appeared in texts or other publications. It is origing 
and refreshing. 


You could attend some of the technical sessions on gy 
jects totally unrelated to your field and pick up ide, 
and general patterns of reasoning which would be 
valuable. The most important part of the education gaing 
at these sessions is a process like osmosis, where yy 
gradually absorb ideas and condition your mind. Wha 
you use these ideas and the results of such thinking } 
may be just as gradual a process. Your work simply 
comes more effective without any specific way of identify 
ing the results of your attendance. However, when th 
chips are down and the place is ready to blow sky hig 
just a single thought you picked up at one of these session 
can be priceless. 


ISA recognized the need for present needs when the 
introduced the Maintenance Clinic, the Analytical Instp 
ments Clinic and Computer Symposium. Subjects an 
coverage are confined to every day problems with equip 
ment installed and being used. Experts from the factor 
are instructors and councilors to be of service to tho 
attending. 


A check of the exhibitors to be at this big New York 
Show, runs a fantastic total of experts who are there to hep 
you, both with existing problems and future planning. High 
ealiber trained specialists and top management will be @ 
this show to answer your technical problems. 


The Data Handling Workshop with its new approach 0 
free discussion of technical problems, fits a particular nee 
of the instrument and control man. It consists of a grow 
of experts on a particular field assembled together witha 
prepared list of questions submitted previously by th 
members of the session. The group is handled by a chait 
man or stimulator, who keeps the discussions active. Thi 
type of program looks even farther forward than the regt 
lar technical papers because the questions are much mor 
in the nature of a search for answers to some of the prob 
lems involved in the subjects which will become technicé 
papers as the projects advance further. 


This type of session also serves as a means of inter 
change of instrumentation problems among workers wi 
are handicapped by security restrictions from discussiit 
of the major aspects of their work. As such, it serves! 
real need. The many new features of this 1956 ISA Sho, 
such as the Management Symposium, Education Sy 
posium, and Pioneering Contest make me look forward wil 
zest to attend in September. 














The most important and useful advantage that 
gained by participation in ISA section activities 
tendance at the annual conference is a very intangible 
which cannot be proved by any scientific proced 
mathematical relation. This is the feeling of be 
the feeling of being an accepted member of the profes 


There is no substitute for rubbing elbows with the 
in the field — most of whom will be at the New York 
Show this September 17-21. 
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An unprecedented market place and class room, bringing together 500 
exhibits on the latest developments in research, manufacture and use of 
computers, data handling equipment, automatic measurement, testing and 
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e THERE IS STILL TIME TO PLAN YOUR TRIP... 


. If you are engaged in professional or technical activity in the field of measurement, auto- 
matic control, computers, data handling, telemetering or testing, ISA’s 11th Annual 
Instrument-Automation Conference and Exhibit, 
17-21, 1956, offers you the most comprehensive sources of valuable information. 
Make your hotel reservation and arrange transportation today. 

Here is a digest of Society activities and social events plus late program information. 
On the opposite page is a complete “Calendar of Events.” 


Management Symposium, Luncheon 

Executives, engineering and supervisory personnel at- 
tending the New York Show will take special interest in the 
Thursday morning session, Sep- 
tember 20, on Management Plan- 
ning for Instrumentation and Auto- 
matic Control. Chief executives 
will present their views on the 
factors to be considered in extend- 
ing the applications of instrumenta- 
tion to greater automaticity of in- 
dustrial and commercial operations. 

At a special luncheon which fol- 
lows this session, the speaker will 
be Congressman Wright Patman 
(Dem., Tex.). Congressman Pat- 
man is Chairman of the Congres- 
sional Subcommittee on Economic 
Stabilization which conducted the hearings on automation 
last Fall in Washington. He will review the findings of 
this hearing and give his own opinions on the impact of 
this technological change on our future economic and so- 
cial well-being. 

This program is included as part of the Technical 
Sessions while the luncheon is extra at $5.00 each. 





Cong. Patman 


Plant Tours, Ladies Activities 


Guided tours of several industrial firms known for their 
extensive use of instrumentation in measurement and con- 
trol have been arranged by the Host Transportation Com- 
mittee. Since all these tours are limited in sizes of at- 
tendance, advance registration is the only way of insuring 
a reservation. No fees, other than transportation. 

The Ladies Activities arranged for the Show include a 
five-event package featuring a luncheon and fashion show, 
tour of Radio City, cruise around Manhattan Island, visit 
to West Point and a matinee at “My Fair Lady.” 


Annual Banquet 

The Annual ISA Banquet will be held Wednesday even- 
ing September 19 in the Grand Ballroom of the Hotel Stat- 
ler. Festivities will begin at 7:15 with cocktails followed 
by the program, entertainment and dancing. 


Members Meeting 


All ISA members are invited to attend the Members’ 
Meeting Tuesday afternoon, September 18, at the Statler 
Hotel. ISA officers and incoming officers will be presented. 
National President Robert T. Sheen will report on the So- 
ciety’s plans and activities. This meeting begins at 2:00 
P.M. 


Invitation to President’s Reception 


Members, exhibitors and their wives are invited to attend 
the reception given for National President Robert T. Sheen 
at the Statler Hotel, Sunday, September 16 at 4:00 P.M. 
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New York Coliseum, September 





— REGISTRATION — 


ISA 
é ASME - ARS 


Non-Member; 
Opening Session (IGY) Perr $ 3.00 
(Complimentary Tickets with Advanced Registration) 
Technical Sessions : 8.00 oie a 
(Includes Copy of Proceedings) 
Analytical Instruments Clinic 5.00 8.00 
Instruments Maintenance Clinic .. 5.00 . 8.00 
Data Handling Workshop 10.00 ; 15.00 
(Includes Workshop Proceedings) 
Combination Conference Fees 
One Clinic & Technical Sessions 10.00 16.00 
Two Clinics & Technical Sessions 15.00 23.00 
Workshop & Technical Sessions 15.00 . 3.0 
Complete Conference Program 20.00 30.00 
Ladies Activities 16.50 
Annual Banquet 12.50 


Advanced registrants for other Conference programs will not have 
to pay a fee for the Opening Session (IGY). Advanced registrants 
will receive a complimentary ticket. Non-members may apply all 
surcharges toward payment of ISA dues if they enroll as full mem. 
bers prior to October 15. 


Registrants for the Clinics and the Data Handling Workshop may 
register for the Technical Sessions by payment of additional fees 
which covers the cost of the Technical Sessions Proceedings. 


Advance registration is the only means of assuring yourself 
admission to the many functions for which there is limited 
seating capacity. 











ISA Employment Service 

A free employment service will again be featured during 
Show Weex operated by the National Employment Com 
mittee and the joint New York-New Jersey Host Committe 
Members interested in new positions may file their resume 
with this service. Exhibitors and JSA Journal classified 
advertisers may list their openings and will be furnished 
resumes of qualified personnel. New York interviews wil 
also be arranged for applicants attending the Show. 


Council Meeting 


The annual meeting of ISA’s Council of National Dele 
gates will be held Tuesday, September 18, at the Statlet 
Hotel. This meeting will be divided into two parts. Th 
first will consist of separate meetings of delegates from th 
nine newly-created Districts. The principal item of this 
portion of the Council Meeting is the election of District 
Vice Presidents. 

The second part of this meeting will consist of electitt 
other National officers. The agenda will also include? 
number of amendments to the ISA By-Laws. The first pat 
begins at 3:00 P.M. and the second at 4:00 P.M. 





All ISA members have received a detailed program am 
nouncement of all Conference and Exhibit activities in- 
cluding Registration Forms. Non-members may receivé 
complete program data by mailing reply card on page 
iv 
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, CALENDAR OF EVENTS ¢ 11th Annual ISA Instrument-Automation Conference and Exhibit 


THURSDAY, September 13, 1956 


ISA President Robert T. Sheen will address New York Rotary Club, Hotel Commodore, 12 Noon. 


FRIDAY, September 14, 1956 


. Clinic “Get Acquainted” a ge rr eer ero eae Columbia 
ise Commnltter of ISA Executive Board......................0 02 Statler 
— pameenre and Planning Committec.................ccccccescccccccccvccccn..,, Statler 


SATURDAY, September 15, 1956 





CAs 605554 Sanivnd ae an FemeWs ie Sables O45 Gece e Se Co ctcdakiee Columbia U. 
ree ond Operation Subcommittee Chairmen. ...............ccccccccccccceca.., Columbia U. 
oostive PE MIE 5 ccc nner et ee cece ces eccesbee sence lonvedeserecetecesecce, Statler 
SUNDAY, September 16, 1956 
i erie t5 1 bhek Keds dW Pbeus + oerwaeskecdousons stn eas TLL Columbia U. 
ee, mechanic NR sain o ssiwacs ie dvvensdonnadve denemiciecctd Columbia U. 
Instrument Calibrating oie See Sebecmenittes bth 0ah 6 ekde ses pwesebnedeiece Sennen ane w 
ES 6 v.00 os sess cen ensecdeuverscesastocccccousoccecce. olumbia U. 
+ emenan Clinic Agee Sy ks oa niiw ane Kedee dala nv aide ousedeoee ou daucnn ct Columbia U. 
President’s Reception ....... RRKESh en's ehwsd VS WEWS es Chk nem hae aE wes kw ee ws eccood Statler 
SIEINE PEMOCEDO COMIMIICEOR. 2.21.5 ssc cccccossccccccseceseccce cecccencececay New Yorker 
Es in 950 6 00 40 0000s sc er seccbeesionseseesvechececopevevecewecescs, Statler 
Sammon ana Membership Committee. .......... 2. cccccccccccccccccccccccvcececeeuccue, Statler 
nS 50 0. 9'9.0.006 5 690565 5@ 06 000s 000s 6s 00 e0b eens sésececccnceecces New Yorker 
MONDAY, September 17, 1956 
TERED GRASHS 6” GAN OU SN4 6.060000 6:00.00 snc cdne 1908 0bb0es00beeedheesecctacad Coliseum 
DCU eh GS D656 6N DOD SOC OE CECO cc oCCECCCe 
— Breakfast—IGY Program PEPER t eed 506400 s 6 Rages bebbel Sisbenwmednd ¥denns tebe Statler , 
RMNNNED PEROMOOMEMOD CHIMES. 200020 ssccccccccccccccscsesevccees secceevcececsece Columbia U. 
ee en EERONN GY DUD 6 5 6 0.500000 60un0.090 ssinibvnsioniee cece cvsecews sonatas Statler 
Authors pene — Sots oa. ns Wk nie cvib dudes hearse + ap dduendowese ee ow yosher 
ie So o0 6-056 568s obSS 0 6G EWA wad « 0% chee boeseceecdke ew Yorker 
en aedies Th Ge yee esha TN dy earwan soot eke s < ch aceidsbitide aa aon! New Yorker 
NE 6 Shae 96. 0'9.4:049 00:64 06 0'0'4.9:6 gS Nns Une 0 ON Cb-c ove eno vane gaecd Coliseum 
ASME Technical — aie i+tes 5 o:nemdee ae as Malone eine mackne> ee e0aeddles doicdc — 
ss an ai 0c a's 9.04 0 00910 Kg 84 Obs ap wae Oars Bo-n'eseene eo, cca atler 
—_ “ ns ne «.1.s nha huwhie duh» bdwumse Wxeiebinnse eacnen cone om 
Ra Sowa ww'n «68 65 2RT AGN Sabi s od wpek ¥eudude dkms oc oeeace oliseum 
Fecknical es bait <b 4006 SSKE eR en eee eaN Owes bes weedeensdeew eda Coliseum 
Se PENNUUNONOOING SUUDOOUIMRIEESD. 2... 2. 20sec ccc scccccccesvccccccceccecesccovcece Statler 
Aevonautical Instrumentation Committee. ........... cc cccccccccccccccccccccccccccccese Statler 
SE tn GOOD BEMUNEN COOURMRIONSR,. 02... occ cccccvcccnscvevecccececcesocsesces Coliseum 
ASME, IRD Terminology Committee .......... Tot tie er ere eee re Statler 
ASME, IRD Control Valve Terminology Subcommittee. ...... 2.0.0.0... 0c cece ce ccueeee Statler 
TUESDAY, September 18, 1956 
CE Eee ne ERED E REEL CLG Cn er eT ee Coliseum 
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Technical Article Abstracts 


These Abstracts are not available from offices of the ISA Journal. 





Reprints may 


be obtained by contacting the publications in which the articles have appeared. 





. “PROCESS CONTROL ANALYSIS” Mil- 
lard H. Lajoy and E. Allen Baillif; In- 
struments & Automation Vol. 28—No. 8, 
pp 1316-1318, Aug. 1955. The fifth in a 
series on process control. Article de- 
scribes the analog computer approach and 
shows how operational parameter are set 
up on the computer. Graphs are given 
showing effects of various modes of con- 
trol—i.e. proportional only, proportional 
plus reset and other combinations. 
“TELEMETERED TEMPERATURES” A. 
B. Kaufman; Instruments & Automa- 
tion Vol. 28—No. 8, pp 1320-1322, Aug. 
1955. One method for producing a di- 
rect voltage output in order of 5 volts 
for resistance thermometer is described. 
System employs no amplifiers, but in- 
stead uses a half-bridge modified Wheat- 
stone circuit with two integral voltage 
supplies. Details of probe and calibra- 
tion are given together with response 
figures. 6 references. 

“TEST STAND FOR PANEL INDICA- 
TORS” Fred J. Lingel and V. T. Burkett; 
Instruments & Automation Vol. 28—No. 
8, p. 1323. Mounting and connecting 
stand for panel mounted indicators is 
described and has the following features: 
(1) flexibility in mounting in regard to 
cutout holes (2) quick clamp connec- 
tors and (38) one-hand operation. Unit 
is said to accommodate most meters of 
commercial manufacture in 1” to = di- 
ameter type. No drawings are given, 
but a keyed photo is presented. 
“MEASUREMENT OF TEMPERATURE 
COEFFICIENT OF RESISTANCE” H. 
Philip Hounanian; Instruments & Auto- 
mation Vol. 28—No. 8, pp 1324-1326, Aug. 
1955. Author discusses techniques for 
measuring thermal coefficient of resist- 
ance and warns of inaccuracies in meas- 
urement and temperature. Analysis is 
presented for effects of these errors on 
final results. A very lucid description 
and sketches of apparatus accompanies 
the test. 

“A CHEMICAL PLANT PROGRAM FOR 
INSTRUMENT PERSONNEL TRAIN- 
ING” William D. DeCourcy; Instruments 
& Automation Vol. 28—No. 8, pp 1827- 
1329, Aug. 1955. One firm tells how it 
met an emergency need for more instru- 
ment people. Key to the operation was 
an experienced nucleus. Supplementing 
this was proper job introduction empha- 
sis on fundamentals, field work, and 
use of training aids. 

“ELECTRONIC CIRCUITRY” Charles F. 
Kezer and Milton H. Aronson; Instru- 
ments & Automation Vol. 28—-No. 8, pp 
1330-1331, Aug. 1955. Four more basic 
and novel circuits are presented by the 
authors of this series. Topie circuits 
include a minus 800 volt shunt-regulated 
power supply, a light intensity inte- 
grator, a d-c polarity safeguard, and a 
ecapacitor-charging circuit. As always, 
the authors have done a thorough job 
of furnishing circuit parameter values. 
“SELECTION OF INSTRUMENT REC- 
TIFIERS” Edward L. Pagano; Instru- 
ments & Automation Vol. 28—No. 8 pp 
1332-1333, Aug. 1955. Author describes 
effect of temperature and frequency on 
D’Arsonval meter instrument rectifiers 
when used in full-wave bridges for am- 
meter, voltmeter, multimeter and fre- 
quency applications. 


- “COUNTERS PROVIDE DIRECT READ- 


OUT IN THIS RECORDING ACCEL- 
EROMETER” E. J. Kirchman; Instru- 
ments & Automation Vol. 28—No. 8, pp 
1334-1335, Aug. 1955. Description of a 
recording accelerometer designed to tell 
how many times any particular ‘‘g-level’’ 
of a member is exceeded. Device is ex- 
pected to considerably advance field of 
aircraft metal fatigue measurement. 
“ELECTRONIC CONTROLLERS” Jack 
L. Gates; (Jour. SCMA) Instruments & 
Automation Vol. 28—No. 8, pp 1338-1341, 
Aug. 1955. Components of an electronic 
process control system are described and 
factors such as maintenance, installation, 
and power-failure safeguards are out- 
lined in connection with this type of 
eontrol. Circuitry of an electronic 3 
term controller is discussed with aid of 
schematic diagram. 

“ELECTRONIC COMPUTING MA- 
CHINES AND THEIR USES” J. H. Wil- 
kinson; Jour. Sci. Instr. (London) Vol. 


288 


825. 


826. 


827. 


828. 


829. 


830. 


831. 


832. 


833. 


32—-No. 11, pp 409-415, Nov. 1955. Ar- 
ticle gives short history of digital com- 
puters and also treats programming tech- 
niques. 6 references. 

“A PLATINUM RESISTANCE THER- 
MOMETER FOR USE AT LOW TEM- 
PERATURES” C. R. Barber; Jour. Sci. 
Instr. (London) Vol. 32—-No. 11, pp 416- 
417, Nov. 1955. Complete construction 
and operative details are presented for 
platinum resistance thermometer approxi- 
mately 3 inches long and 1/10 inch in 
diameter, suitable for temperatures in 
the regions from 100°C down to —260°C. 
“AN INTEGRATING PHOTOMETER 
EMPLOYING SCALLOPED GRATINGS” 
L. R. Baker; Jour. Sci. Instr. (London) 
Vol. 32—No. 11, pp 418-421, Nov. 1955. 
Description of new type of controlled- 
diffuser based on use of scalloped grat- 
ing. Unit required design of high ac- 
curacy integrating photometer and ex- 
perimental results are given in this ar- 
ticle for comparison of scalloped grating 
with other diffusers. 11 references. 
“INTEGRATING METERS FOR COM- 
PARING LIGHT INTENSITIES IN 
PLANT GROWTH STUDIES” A. H. 
Allen; Jour. Sci. Instr. (London) Vol. 
32—No. 11, pp 422-424, Nov. 1955. Fac- 
tors which govern design of light meter 
for finding relative amount of visible 
radiation reaching plant undergrowths 
(such as clover growing under long 
grasses) are discussed; two instrument 
designs are described in detail with cir- 
cuit values. 9 references. 

“A CAPACITANCE-RESISTANCE HY- 
GROMETER” C. L. Cutting, A. C. Jason 


and J. L. Wood; Jour. Sci. Instr. (Lon- 
don) Vol. 32—No. 11, pp 425-431, Nov. 


of new hygrometer is 
properties 


1955. Principle 
based on changes of electrical] 


of anodized aluminum oxide layers. Cali- 
bration is claimed to be independent of 
temperature from 0 to 80°C. Theory 
behind instrument is expounded, 13 ref- 
erences. 

“THE BEHAVIOR OF HUMIDITY- 
SENSITIVE CAPACITORS AT ROOM 


TEMPERATURES” C. R. Underwood 
and R. C. Heuslip; Jour. Sci. Instr. (Lon- 


don) Vol. No. 11, pp 432-436, Nov. 
1955. Meas; nents of humidity in small 
enclosed spaces are not easy to make 
with conventional hygrometers, list ca- 
pacitance hygrometer (so-called English 


type) enables such measurements 
is given for 
Con- 


“Jason’ 
to be made. Response data 
this instrument under average uses. 
structional details are also included. 


“A D-C AND A-C BALANCE DETEC- 
TOR WITH AUTOMATIC PROTECTION 
FROM OVERLOAD” C. Morton; Jour. 
Sci. Instr. (London) Vol. 32—-No. 11, pp 
437-439, Nov. 1955. Article describes how 
sensitive galvanometer can be _ replaced 


microammeter by using 
two junction transistors in balanced cir- 
cuit detector. Automatic overload pro- 
tection is secured by proper adjustment 
of circuit bias voltages. 


by inexpensive 


“DESIGN FOR A _ SENSITIVE SELF- 
RECORDING GOLD LEAF ELECTRO- 
SCOPE” P. Goodman; Jour. Sci. Instr. 
(London) Vol. 32—No. 11, pp 439-440, 
Nov. 1955. Operating and construction- 
al data are given for gold-leaf electro- 
scope capable of measuring steady elec- 
tron currents in order of 10-'* amperes 
when calibrated. Deflection characteris- 


tics (voltage vs. leaf angle) and circuitry 
are outlined. 

“HOW RADIOTRACERS ARE USED IN 
MEASURING FLUID-VELOCITY PRO- 
FILES” Frances M. Richardson, J. K. Fer- 
rell, H. A. Lamonds, and K. O. Beatty, 
Jr.; Nucleonics Vol. 13—No. 7, pp 21-23, 
July 1955. Tracer technique determines 
velocity within 0.002 inches of pipe wall. 
Instruments employed record 10' fold 
counting rate range without scaling fac- 
tor or chart speed changes. 
“STABILIZING SCINTILLATION SPEC- 
TROMETERS WITH COUNTING-RATE- 
DIFFERENCE FEEDBACK” H._ de- 
Waard; Nucleonics Vol. 13—No. 7, pp 36- 
41, July 1955. Gain corrections fed back 
to photomultiplier voltage in this scin- 
tillation spectrometer improves stability 
by factor of 25 to 55. Working stabiliz- 
er good for plus or minus 25% gain 
variations is presented together with dis- 
cussion of theory. 
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. “DEFLECTION MULTIPLIER FOR R& 





“PHOTOGRAPHIC RECO 

OD FOR SCINTILLATION ang 
Norman H. Horwitz and James 
strom; Nucleonics Vol. 13—No a, 
July 1955. In method describes 2 
ticle, impulses from scintilation 4 
are reproduced as radiations dot Cotte 
on photographic enlarging paper toa 
Ag tube. oy 
“G - SCINTIL 
TROMETER WITH LOG eae 
PULSE-HEIGHT RESPONSE” RITHiGe 
er; Rev. Sci. Instr. Vol. 26—No. Mae, 
805-808, Sept. 1955. Article shoal 
to minimize errors due to smal] 
ae ngpueer nd in complex spectra, 
rithmic pulse transformatio: irenites + 
ee in detail. ° cs 
“THREE-HUNDRED-MEV WN FERRO 
MAGNETIC ELECTRON syne 
TRON” W. B. Jones, H. R. Kratz, 
Lawson, D. H. Miller, 
L. Ragan, J. Rouvina, 
hies ; i. Instr. Vol. 
809-826, Sept. 1955. Descripti : 
chine which uses no iron to pee th 
netic guide field. Injection of ¢ — 
occurs at 100 Kev. Acceleration t 
Mev by betatron action is followed br ta 
ee step-up. 

ps -RANGE LOGARITHMI 
METER” F. V. Hunt and J. 4 we 
Rev. Sci. Instr. Vol. 26—No. 9, pp my 
835, Sept. 1955. Wide range log 

is approximated by cascading “ramp” 
functions. The latter functions are 
resentative of plate current of triode dris. 
en toward cutoff. Features are simple 
alignment and log response linear 
+1 db over 80 db voltage range. 


“PHOTOMETRIC DETERMINATION OP 
IONIZATION OF CLOUD-CHAMBR 
TRACKS” E. K. Bjornerud; Rey, Se, 
Instr. Vol. 26—No. 9, pp 836-843, Sept 
1955. Description of photoelectric met 
od for measuring specific ionization ¢ 
cloud-chamber particle tracks. Featurg 
are use of comparison track of know 
ionization and error of measurement jp 
the order of 10%. 

“FAST COINCIDENCE SYSTEM With 
AMPLITUDE DISCRIMINATION AND 
ACCIDENTALS MONITORING” G. ¢ 
Stanford and G. F. Pieper; Rev. 8 
Instr. Vol. 26—No. 9, pp 847-849, Sept 
1955. Coincidence system with short nm 


5 
# a 


Fs 


solving time is described. System & 
“slow-fast’”” design in which amplituk 
selection in both channels is made be 
fore pulses reach the fast coincidene 
circuit. 

“AUTOMATIC INSTRU MENT POR 
ELECTRON SCATTERING MEASURE 
MENTS” L. Marton, J. Arol Simpson, 
and T. F. McCraw; Rev. Sci. Instr. Vol 
26 No. 9, pp 855-858, Sept. 1956. De 
tails given for instrument capable of a 


tomatically recording the distribution i 
«nergy and angle of electron scattering 


from. solids. Primary electron range & 
10 to 50 kev. Energy peaks less than # 
volts apart in 20 kev region can be re 
ognized. 


“LIQUID SCINTILLATION TECH 
NIQUES FOR RADIOCARBON DATING 


R. W. Pringle and W. Turchinetz; Ren 
Sci. Intr. Vol. 26—No. 9, pp 8 
Sept. 1955. Shielding and circuitry for 


liquid scintillation methods are presen 
and techniques involving synthesis of 
toluene and methanol from C™ are 
cluded. 
“TRACER-TYPE INSTRUMENT FOR 
CHANGING SCALES IN TWO MUTUAL 
LY PERPENDICULAR DIRECTIONS 
F. Frendenstein and P. Calcaterra; Ret 
Sci. Instr. Vol. 26—No. 9, pp 859 
Sept. 1955. Instrument utilizing link 
ages is detailed. Scale size in af 
two mutually perpendicular directions a 
be varied continuously and indepen 
from 2 to 1 reduction to 20 tol 
fication. 


FLECTION GALVANOMETERS” T. & 
Dauphinee; Rev. Sci. Instr. Vol. 2 


9, pp 873-875, Sept. 1955. Simple 
tiple reflection system is dese 
which sensitivity of a reflecting galve- 


nometer can be increased fivefold 
out increase of mirror to scale 
Principle can be applied to most 
of optical lever. 

“PISTON-TYPE STRAIN GAUGE 
MEASURING PRESSURES IN 
RIOR BALLISTICS RESEA 
Dimeff, J. A. Carson, and A. C. 
Rev. Sci. Instr. Vol. 26—No. 9, DP 
883, Sept. 1955. Discussion of ie 
gauges used in ballistics research. } 
cludes detailed description of piston-typ 
strain gauge suitable for time — 
studies of transients having § 
of 50ke components and 2x105 psi mag 
nitudes. 
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ISA to Co-Sponsor 


ISA, the American Institute of Elec- 
trical Engineers, Institute of Aeronau-. 
tical Sciences and the Institute of Ra- 
dio Engineers will jointly sponsor the 
1956 National Telemetering Confer- 
ence, August 20-21 at the Hotel Bilt- 
more, Los Angeles, Calif. 


Monday morning session — Systems | 


A Wide Bandwidth Telemetry Sys- 
tem, by D. E. Henry, Sandia Corp. 

Advanced Design Telemetry for Ve- 
hicles Subjected to Severe Environmen- 
tal Conditions, by D. W. Blancher, Ben- 
dix Pacific. 

Radio Frequency Link Design for 
Telemetering, by H. Scharia-Neilsen, 
Radiation, Inc. 

Beacon Telemetering System, by S. 
Berinsky, Stavid Engineering Co. 

A Comparison of Transmission Quali- 
ty in Multiplexed Telemetering Sys- 
tem, by H. S. McGaughan, Naval Ord- 
nance Lab. 


Monday morning session—Data 
Processing 


A New Development in the Process- 
ing of PDM Telemetry Data, by W. E. 
Leever, Douglas Aircraft Co. 

An Automatic Data Reduction System 
for Pulse Width Telemetry, by F. T. 
Chambers, Applied Science Corp. of 
Princeton. 

A Method of Separating Vibration 
Data into its Frequency and Amplitude 
Components, by J. M. Hawk, White 
Sands Proving Grounds. 








A High-Speed, High-Accuracy Auto- 
matic Digital Data Reduction System 
for FM and PWM Telemetered Informa- 
tion, by W. Knoll, Lockheed Aircraft 
Corp. 


Monday afternoon session— 
Components and Equipment | 


Temperature Measurements on High- 
Speed Missiles, by G. E. Reis, Sandia 
Corp. 

Measuring of Millivolt Data by Pulse 
Width Multiplexing, by A. S. West- 
neat, Applied Science Corp. of Prince- 
ton. 

Commutation and Amplification of 
Low Level Signals, by O. Ott, Electro- 
Mechanical Research, Inc. 

Frequency Stability Investigations 
on FM/FM Telemetering Equipment, 
by J. W. Prast, Dr. K. F. Hartmann, 
Bell Aircraft Corp. 
Panel Discussion on Crowding of the 
Telemetering Frequency Bands with G. 
S. Shaw, of Radiation, Inc., as Chair- 
man. 


Tuesday morning sessions— 
Systems Il 


An Integrated Sub-miniature Digital 
Airborne Ground Data Transmission 
System, by Bernard M. Gordon, Epsco, 
Inc. 

Pulse Coded Messages Over Radar 
Beacon Equipments, by K. Merl, R. 
Rabin, Ford Instrument Co. 

A Comparison of Encoding Tech- 
niques for Telemetry and Data Hand- 
ling, by R. A. Runyan, Electro-Me- 
chanical Research, Inc. 
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National Telemetering Conference in Los Angeles 


A Wide Band Radio Link Telemeter- 
ing System, by T. D. Warzecha, Con- 
vair. 


Tuesday morning session—Recorders 


A High-Speed, General-Purpose, Mo- 
bile Magnetic-Tape Data Recorder for 
Use with a Digital Computer, by E. R. 
Pelta, The Rand Corp. 

Direct Writing Continuous Record- 
ing Above 100 Cycles, by Herbert Cham- 
bers, John Riedel, Consolidated Elec- 
trodynamics Corp. 

A Miniature Digital Recorder, by 
Charles P. Hedges, Aerophysics Devel- 
opment Corp. 

A Small, Fast Digital Data Printer, 
by Edgar A. Hilton, Harold Elliott, 
Hewlett-Packard Co. 


Tuesday afternoon session— 
Components and Equipment Il 


Receiver Design Considerations for 
Future Telemetry Requirements, by R. 
E. Grimm, Nems-Clarke, Inc. 

A Conti ly T ble Discrimina- 
tor for FM/FM Telemetering Systems, 
by G. E. Tisdale, Electro-Mechanical 
Research, Inc. 

A Transistorized Telemetering Sys- 
tem as a “Watch Dog” on Guided Mis- 
sile Performance, by Fred M. Riddle, 
Jet Propulsion Lab. 

Transistors Applied to a Operation- 
al FM/FM Telemetry System, by C. B. 
McCambell, R. H. Gablehouse, P. S. 
Scheele, R. P. Matthews, Sandia Corp. 
Panel discussion on Telemetry Tech- 
niques in Flight Testing of Aircraft 
with J. J. Dover, Air Force Flight Test 
Center as Chairman. 





Kindler Joins Staff as Director of ISA’s Technical Programs 


Herbert S. Kindler, former Section 
Head of Gasoline Plant Engineering 
at Black, Sivalls & Bryson, Inc., Okla- 
homa City, has joined ISA’s National 
Office as Director of Technical Pro- 
grams. He will be primarily engaged 


in assisting the Technical and Rec- 
ommended Practices Divisions and the 
new Industry Division in planning and 
executing their programs. 

Mr. Kindler is widely known in ISA 
circles, having been active in the Phila- 
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delphia Section and Oklahoma City 
Section where he served as their first 
President. He was also instrumental 
in forming the Oklahoma City Section 
last year. 

The new Director of Technical Pro- 
grams has been active in instrumenta- 
tion and automatic control since his 
graduation from Massachusetts Insti- 
tute of Technology with a mechanical 
engineering degree in 1948. In addi- 
tion to’ Black, Sivalls & Bryson, Mr. 


Kindler has been affiliated with J. P. 
O’Donnell Co., Brown Instruments Di- 
vision of Minneapolis-Honeywell Regu- 
lator Co., and Catalytic Construction 
Co. He is a licensed professional en- 
gineer in New York and has done pri- 
vate consulting work. 

Mr. Kindler’s by-line will appear un- 
der an article entitled “How to Or- 
ganize an ISA Section” in the Septem- 
ber issue of the ISA Journal. He has 
also authored technical articles. 





President for 
Electric Corp.; 


ISA EXECUTIVE DIRECTOR William H. Kushnick 
(left) looks on as Secretary of the Army Wilber M. 
Bruckner shows other members of the Army Advisory 
Committee for Civilian Personnel Management, a tiny 
but vital part of an Army Corporal rocket which he 
has mounted in plastic in his office at the Pentagon. 
Others (left to right) are: Robert D. Blasier, Vice- 
Industrial 
James T. 
Publix Shirt Corp.; Hugh M. Milton II, Assistant Sec- 
retary of the Army for Manpower and Reserve Forces ; 
Jefferson W. Keener, Executive Vice-President, B. F. 
Goodrich Co.; Mr. Bruckner; and Carroll BE. French, 
Director, Industrial Relations Counselors, Inc. 


Relations, Westinghouse 
O’Connell, Vice-President, 
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Our membership rolls continue to in- 
crease. During the 12-month period 
ending June 30 we admitted over 2000 
new members. Unfortunately we have 
about a 1000 loss in members, especial- 
ly one-year men, and ended the period 
with an increase of only 1000. We 
are now carrying about 9000 active 
members on the rolls. 

With the many new services and 
programs which the Society is launch- 
ing soon from the National level, and 
with the increased attention being 
given by Sections towards strengthen- 
ing their programs, there is every 
reason to feel that our retention of 
old members and acquisition of new 
ones will be greatly accelerated during 
the oncoming year. 

The Conference and Exhibit in Sep- 
tember is perhaps our greatest mem- 
bership. medium. Our National Sec- 
tions and Membership Committee has 
special plans for bringing to the at- 
tention of the thousands of Show visi- 
tors the advantages of ISA member- 
ship. The general publicity for the 
Conference and Exhibit has and will 
bring ISA to the minds of many other 
prospects who may not attend the 
event. 

Each ISA member can play a part 
in extending our roster. It is trite 
to say that if each member gets a 
member we will double our list. But 
none-the-less it is true. 

This year particularly there’s a 
special inducement for new members 
who sign up in September. Because 
we are going to a fiscal year dues basis 
on November 1, 1956, members ad- 
mitted in September and October will 
be paid up until October 31, 1957, thus 
gaining two or one months free. 

If you need any promotional mater- 
ials on ISA contact the Chairman of 
the Sections and Membership Commit- 
tee of your Section or get in touch 
with me. You will be furnished the 
booklet “You and the ISA” as well as 
membership applications. If you have 
a list of prospects, and want a special 
letter sent to them, these suggested 
contacts will do the mailing. 

Dues are so low in comparison with 
the benefits and prestige of ISA mem- 
bership, thus obtaining new members 
is not a difficult undertaking in the 
rapidly expanding field of instrument 
men. Try it. Bring a prospect to the 
first meeting of your Section in Sep- 
tember. He will appreciate your 
thoughtfulness in asking him to join 
you in ISA. If your prospect is going 
with you to the Show in New York, 
September 17-21, be sure to bring him 
to the Member’s Lounge at the ISA 
booth where you and others can sign 


him up. 


meetings digest 





Electronic Theories, 
Products at WESCON 


The most advanced electronic theo- 
ries and products of interest to indus- 
tries directly concerned with instru- 
mentation and automation will be pre- 
sented at the 1956 WESCON (Western 
Electronic Show and Convention) Au- 
gust 21-24 in Los Angeles. WESCON 
is jointly sponsored by the Western 
Electronic Manufacturers’ Assn., and 
the Los Angeles and San Francisco 
Sections of the Institute of Radio En- 
gineers. 

The Exhibit, to be held at the Pan 
Pacific Auditorium, will feature the 
latest digital and analog computers, 
motor controls, servo mechanisms, in- 
strumentation, data reduction equip- 
ment, mass spectrometers, process con- 
trols and magnetic amplifiers. 

Some of the outstanding technical 
sessions scheduled are engineering 
management; instruments; military 
electronics; cybernetics; control and 
theory methods; reliability, organiza- 
tion, systems and equipment; control 
mechanisms and automation; com- 
puters and analog techniques; environ- 
mental effects on component parts; 
production consideration of electronic 
equipment and many others. 

For more information contact H. 
Cerwin, 344 N. La Brea Ave., Los 
Angeles 36, Calif. 


AIEE Meet Features 
Magnetic Materials 


A Conference on Magnetism and 
Magnetic Materials will be held in Bos- 
ton, October, 16-18 by the American 
Institute of Electrical Engineers in co- 
operation with the American Physical 
Society, American Institute of Mining 
and Metallurgical Engineers and the 
Institute of Radio Engineers. For 
more information contact T. O. Paine, 
Measurements’ Laboratory, General 
Electric Co., West Lynn, Masse 


1956 Joint Computer 
Conference Scheduled 


The 1956 Eastern Jvint Computer 
Conference has been set for December 
10-12 at the Hotel New Yorker. This 
year’s annual meeting, jointly spon- 
sored by the IRE, AIEE and the Assn. 
for Computing Machinery, will have as 
its theme, “New Developments in 
Computers.” 

In addition to an extensive techni- 
cal program the meeting will feature 
an exhibit. For information contact 
A. Forman, 480 Lexington Ave., New 
York 17. 


ate 


Four Major Topies at 
Spectroscopy Meeting 


The 11th Annual Meeting of the g% 
ciety for Applied Spectroscopy Will be 
held November 1-2 at the Hote} Ney 
Yorker, New York City. The Meeting 
will feature an exposition of Moder, 
laboratory equipment and these Dria- 
cipal non-simultaneous sessions: 

The spectrochemical analysis of 
per and copper-base alloys; infrared 
and related techniques; fundamentg 
aspects of emission and x-ray Spee- 
troscopy; and applied and theoretical 
papers in ultraviolet absorption ang 
various nuclear spectroscopic te. 
niques. Dr. Harold K. Hughes, of the 
Celanese Corp. of America wil] } 
speaker at the Society's annual dip 
ner on Thursday evening, November | 

For more information contaet 
Charles L. Guettel, Driver-Harrigs Co, 
Harrison, N. J. 


‘Guides for Tomorrow 
Aim of Standards Meet 


Today’s technological problems will 
be surveyed and possible _ solutions 
through application of standards will 
be considered at the Fifth Annual 
Meeting of the Standards Engineers 
Society, Oct. 3-5, at the Hotel Willard, 
Washington, D.C. Theme of the meet 
ing is “Standards—Guides for Tomor 
row.” 

Sessions on standardization in the 
chemical and atomic energy field are 
among the many scheduled. For mor 
information contact the Standards 
Engineers Society, P.O. Box 281, Cam 
den 1, N. J. 


IRE Instrumentation 
Meet Invites Papers 


The professional group on instr 
mentation and the Atlanta Section of 
the Institute of Radio Engineers will 
sponsor the Second IRE Instrumenté 
tion Conference at the Biltmore Hotel, 
Atlanta, Ga., December 5-7. Prospective 
authors are invited to submit abstracts 
not later than September 15 to M. D. 
Prince, Engineering Experiment St 
tion, Georgia Institute of Technology, 
Atlanta, Ga. 

Sessions will be devoted to the fol 
lowing subjects: industrial nuclear it 
strumentation and instrumentation for 
radiological safety; industrial applice 
tion of instrumentation; guided-missile 
range instrumentation and wind-tur 





nel instrumentation; solid-state 
vices and other components; and 
oratory instrumentation and test equi 
ment. 
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roa Boston Co-Sponsors Course on Seattle Section President Presents 
a 4ndustrial Instrumentation’ ISA’s First Student Section Charter 
: on 


f Wentworth Institute, in conjunction with the Boston 
“a Section, has started an evening course entitled “Industrial 
Instrumentation” which is designed to allow men with a 











imental minimum of a high school education to obtain additional 
seal information in the field of instrumentation. 
etleal The course was given last year and proved very suc- 
on cessful. In many cases management felt that the additional 
en knowledge gained by their technicians was of such value 
vill be that they paid the expense of the course. Some of the men 
al dip. oe — the course found that their job was up- 
raded. 
“al taiee of the many subjects to be covered during the 
ris Co course include general introduction to measurement, pres- 
3 sure, flow, thermal systems, humidity, liquid level, elec- 
tronics, transmitters, compound measuring, general intro- 
duction to control, pneumatic mechanisms, general intro- 
duction to process, and process control. 
; Wentworth Institute has enlarged its facilities this year 
Ww and will be able to accommodate a maximum of 60 students. 
Pet ISA’S FIRST Student Section Charter was presented recently to the 
; newly-organized J. M. Perry Institute Section, Yakima, Wash. Albert 
ns will e e . ° . Wakefield (center), Seattle Section President presented the charter to 
lutions Philadelphia Section Schedules ere — (left), director of the Institute, and E. L. Kirkman, 
P ection resiaen 
al y 
sal Annual Symposium November 7-8 
sineers “Automatic Data Processing” is the theme for the a pedro — aren Peemnanet, ponemeey 
‘illard, Philadelphia Section’s Annual Symposium to be held No- presented a charter to ISA’s first Student Section. E. L. 


, . ; 7.2 " P ; ci é S nt Secti *resident, ¢ srbert S. Buck- 
meet vember 7-8 at the Bellevue-Stratford Hotel in Philadelphia. Kirkman, Student Section President, and Herbert om 


r - ward en man, director of the J. M. Perry Institute, Yakima, Wash., 
omer The program of the two-day affair will incorporate papers a pted one Pee ter j 

and panel discussions by experts and specialists represent- —e Plan ghee : . 
in the 7 ; ‘ I Mr. Wakefield addressed the meeting on the importance 


ing manufacturers and users of automatic control instru- 


Id are mentation of technical institutes. The instrumentation course offered 








r more Scie’ : : students at the J. M. Perry Institute includes basic machine 
Discussion sessions will be augmented by an “Instrument 7 : : : ; oe 
ndards Fair” rhic . s ae shop and related subjects, algebra, trigonometry, physics, 
air” at which manufacturers will exhibit the latest auto- : j 
, Can- mati i . : elementary calculus, chemistry of pulp and paper making, 
i¢ Measurement, control and data handling equipment. : — igai 
The Fair. « E ag ; e ; : oil refinings, metallurgy, measurement of flow, liquid 
air, sponsored by the Philadelphia Section, will be ‘di j j 
open t 3 i : : ‘ ‘ level, pressure pH, humidity and temperature, calibrations, 
ope 0 anyone having an interest in industrial control spair and maintenance of instruments. The course lasts 
instrumentation. - pair anc a - eng ~ : . ents. - purse as ; 
- . ; or two years after which graduates are placed in some 0 
Tentative plans call for the presentation of approximately : : : P car z ‘ 
six aeanll ‘ ’ the leading industrial companies on the West Coast. 
papers per day with three each morning and afternoon. . . ; 
Probabl hibi uP : Other Seattle Section members present at the charter 
e exhibit hours of the Instrument Fair will be : ‘ : 7 ; ‘ ; 
2:00 to 10:00 a presentation were L. L. Cunningham, Education Committee 
. 0 10: P.M., Wednesday and 2:00 to 9:00 P.M. on ‘hai > in Chai 
| Thursda F ; d 3 Chairman; Lawrence E. Frey, Membership Chairman; and 
nstru- y. or more information contact Horace Richter >w ri resi 
Symposi , =A , Harry W. Lohman, Vice-President. 
ion of posium Chairman, Fischer & Porter Co., 29 Bala Ave., 
3 wil BalaCynwyd, Pa. 
nenta- The Philadelphia Section also announced it has inaug- 
Hotel, urated a series of “Practical Sessions” which are regular 
ective Monthly meetings devoted to satisfying the needs of in- 
tracts strument technicians and mechanics. 
M. D. 
| Sta 
ology, 
e fol- SENERAL VIEW of the ISA membership booth at a Process Control 
ar in- mr and Exhibition, held May 25-26 at the Hotel Van Curler, 
pa : mectady, N. Y The venture was jointly sponsored by ISA's 
mM | coe New York Section and the Northeastern Section of the American 
yp lica- ete of Chemical Engineers. Approximately 350 were registered 
issile Or the Symposium which featured technical papers on both the funda- 
l wae characteristics and specific applications of control systems 
d-tun- itty-nine firms were represented at the exhibit. 
» de 
1 lab ee 
quip 
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G. Lupton Broomell, Jr. John C. Koch 


G. Lupton Broomell, Jr., a member 
of the Philadelphia Section, has been 
appointed assistant director of engi- 
neering, acting head of engineering 
and inspection departments, and mem- 
ber of the executive operating com- 
mittee at Leeds & Northrup Co. He 
succeeds John W. Harsch who retires 
August 31. 


= 2 @ 


John C. Koch, a member of the 
National Finance Committee and 
president of the Philadelphia Section, 
has been elected president of the Fluid 
Controls Institute, Inc. The Institute 
is a trade association for manufactur- 
ers of industrial valves and regulators. 
Mr. Koch is president and general 
manager of Conoflow Corp. 


2 @® 


Bernard E. (Barney) Oldfield, presi- 
dent of the Mojave Desert Section, has 
joined the engineering staff of the Re- 
search and Development Laboratories, 
Hughes Aircraft Corp. 


i 


John J. McDonald, chairman of the 
Transportation Committee and a 
member of the Chicago Section, has 
been appointed assistant director of 
the systems division, Consolidated 
Electrodynamics Corp. He was form- 
erly chairman of ISA’s Research and 
Development Committee and has been 
manager of Consolidated’s sales office 
in Chicago. 


x * * 


Oscar E. Holt, a member of the New 
Jersey Section, has been named man- 
ager of the W. L. Maxon Corp. plant 
at Old Forge, Pa. H. A. Leander, 
president, made the announcement 
last month. 


Pernwsoual Yotes 


B. E. Oldfield John J. McDonald 


Marvin D. Weiss, chairman of the 
Subcommittee on Chemical Methods of 
Analysis Instrumentation, has joined 
Fischer & Porter Co., Hatboro, Pa., as 
manager of the analytical division of 
the research department. Mr. Weiss, 
a member of the New York Section, 
was formerly associated with Taller 
and Cooper, and Hoke, Inc. 


x * * 


Richard H. Gundelfinger, a member 
of the Northern California Section, 
has been appointed chief engineer at 
Research Specialties Co. to supervise 
design and development of its line of 
laboratory instruments. 


Rocketdyne, a division of North 
American Aviation, Inc., has  an- 
nounced the appointment of these Los 
Angeles Section members to new 
posts: Edward Cartotto, group leader, 
and Lawrence H. Groeper, assistant 
group leader of the instrumentation 
and equipment group, engineering test 
section; John E. Witherspoon, super- 
visor of advanced measurements; Jack 
VY. Hobbs, supervisor of experimental 
instrumentation in the research sec- 
tion. Robert L. Galley is coordinator, 
engine systems instrumentation in the 
design and development section. H. 
W. Geyer, a member of the same Sec- 
tion, announced his activity as a con- 
sulting engineer. 


The appointment of George J. 
Schwartz as vice president and general 
manager of the Doeleam Div. of Min- 
neapolis-Honeywell Kegulator Co. was 
announced by John J. Wilson, presi- 
dent. 








Marvin D. Weiss Oscar E. Holt 


Vincent Matner, vice-president ¢ 
the Fairfield County Section, hg 
joined Fischer & Porter Co., Hatbom, 
Pa., as chief product engineer. 


Robert E. Hadady, a member of th 
Washington Section, has joined Co» 
solidated Electrodynamics Corp. kk 
was formerly vice president of AY 
Mfg. Co. 


e George R. Webber, an active men- 
ber of the Charleston Section wa 
fatally injured in a highway accident, 
May 19, near Houston, Tex. Mr. We 
ber was an instrument engineer with 
Carbide and Carbon Chemicals Co., and 
was enroute to Houston to serve # 
technical advisor for a contractor & 
gaged in work for Carbide. 





OUTGOING PRESIDENT W. A. Richaré 
of the Richland Section presents the 
to Roger A. Rohrbacher, recently-el 


President. Installation of new offices 
took place at a dinner meeting in Jute 
Other new officers of the Section # 
J. E. Kaveckis, Vice-President; 
Nickles, Secretary; N. T. Hildreth, Trea 
urer; and W. A. Richards, National Dele 
gate. 
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Aluminum & 


OUGE 
mATON E. Gunter, 


oh Barsreder, Foster Grant Co., Inc. 
RMINGHAM 
Ovilliam L. 
1 ONW. Fulton, The Foxboro Co. 
ILLINOIS - 
James A. Applegate, Mason & Hanger Silas 
Mason Co., Inc. 


Kaiser 


Wayman, Johnson Service Co. 


oe. Schager, Cleveland Electric Illumi- 
nating Co. . 
TICUT VALLE 
2 gg ale Romme, Hamilton Standard Div. 
of United Aircraft. 


Joseph H. Laurinec, Glenn L. Martin Co. 

William C. McEnery, Glenn L. Martin Co. 

John Michael Robinson, Glenn L. Martin Co. 
RN NEW YORK 

a oe §S. Acton, General Electric Co. 

John J. Parry, Jr., General Electric Co. 


HOUSTON ; 
Kenneth A. Bingham, United States Rubber 


Co. 
Raliegh DeLong, Jr., Republic Oil Refining 


Walter F. Going, Petro-Rex Chemical Corp. 
Earl C. Yancey, Dow Chemical Co. 
{DAHO FALLS 
William P. Bischoff, Genera! Electric Co. 
Donald R. McSparrin, Kaiser Engineers. 
INDIANAPOLIS 
Robert C. Jones, Loy Instrument Co. 
J. M. Perry Institute (Student Section) 
Raymond J. Anderson. 
Thomas D. Chambers. 
Harry F. Zaro. 
Wilbur Earl Zuver. 
LAKE CHARLES 
Ed. Darby, Standard Supply & Hardware 
Co., Ine. 
LOS ANGELES 
E. G. Beck, Consolidated Precision Products. 
Dr. Martin Bodner, Lockheed Aircraft Corp. 
Robert B. Bonney, Electronic Engineering 
Co. of California. 
Curt Henius, Retron Corp. 
Renald D. Kelly, Hughes Aircraft Co. 
Leroy J. Kemp, Southern California Gas Co. 
Leroy J. Kemp, Southern California Gas Co. 
—_ C, Levin, Sterling Electric Motors, 
ne. 
Richard L. Major, Consolidated Electrody- 
namics Corp. . 
LOUISVILLE 
James M. Bullis, Genera! Electric Co. 
MAJAVE DESERT 
Charles Richard Daws, General Electric Corp. 
Hans T. Hansen, Convair. 
B. D. Sullivan, Convair. 
Gerard S. Upton, Convair. 
NEW JERSEY 
Henry W. Bertram, Weston Electrical Instru- 
ment Corp. 
Osear Einhorn, Foster Wheeler Corp. 
Kenneth E. Knotts, K. E. Knotts Co. 
Harry W. Kuhn, Manning, Maxwell & 
Moore, Inc. 
NEW ORLEANS 
— L. Marochino, Minneapolis-Honeywell 
. Co. 
NEW YORK 
Harry R. Glixon, Consolidated Avionics Corp. 
| A. Holaday, M. D., Columbia Pres- 
ian Hospital. 


w. 
FOREIGN 
Hernando Somoza A., Cia Shell De Vene- 


John P. Horgan, J. H. Whitney & Co. 

Paul W. Knaplund, International Business 
Machines Corp. 

Andrew J. McIntosh, McIntosh Equipment 
Corp. 

Frank Peters, The Hammarlund Manufactur- 
ing Co. 

Jerome Riemer, Curtiss Wright Corp. 


NIAGARA FRONTIER 


Niels Y. Andersen, Jr., Cornell Aeronautical 
Lab. 
Myron Z. Jenkins, Hooker Electro Chemical 


0. 
A. Currie Munce, Leeds & Northrup Co., Inc. 


NORTHERN CALIFORNIA 


David Allen Bellamy, Ehrhart & Associates. 

Angelo Perone, Electronic Engineering Asso- 
ciation. 

David Edward Sanchez, Jensen Instrument 
Co. 

David E. Swanberg, Dow Chemical Co. 

Robert F. Whitney, Pacific Scientific Co 


NORTHEAST TENNESSEE 
M 


M. B. Conviser, Tennessee Eastman Co. 
James W. Litton, Tennessee Eastman Co. 
Bob L. Slaughter, Tennessee Eastman Co. 
F. H. Theile, Tennessee Eastman Co. 


NORTH TEXAS 


James H. Trimm, Convair. 


OAK RIDGE 


A. E. Ball, Union Carbide Nuclear Co. 
Ralph C. Kinnamon, Union Carbide Nuclear 


0. 
Raymond W. Tucker, Union Carbide Nuclear 
Co. 


PANHANDLE 


Guy Bufkin, Pioneer Natural Gas Co. 

Ralph H. Glenn, Vinson Supply Co. 

James M. Reid, United Carben Co., Inc. 

William H. Thompson, Phillips Petroleum 
Co. 


PORTLAND 


Harold Lange, R. H. Brown Co. 


PRESQUE ISLE 


Harvey A. Bard, General Electric Co. 
Roland Lewis DeForest, General Electric Co. 
Miles D. Gardner, General! Electric Co. 
Lawrence W. Herman, General Electric Co. 


ROCHESTER 


Joseph J. Cameron, Jr., Eastman Kodak Co. 
Robert H. Rice, Taylor Instrument Co’s. 


ST. LOUIS 


Leonard Aynardi, Monsanto Chemical Co. 

Milton D. Brandwine, The Brandwine Equip- 
ment Co. 

Hubert J. Gerards, Anhauser-Busch, Inc. 


SARNIA 


E. W. Ankenman, Manning Maxwell & Moore 
of Canada, Ltd. 


SEATTLE 

Forrest R. Poyns, Boeing Airplane Co. 
TAMPA 

Edwin W. Nevin, International Minerals & 


Chemical Corp. 


Ernest C. White, City of Lakeland Light & 


Water Dept. 


WILMINGTON 
Robert C. McMillen, E. I. du Pont de Ne 


mours & Co., Inc. 


Charles R. Thornton, E. I. du Pont de Ne- 


mours & Co., Inc. 


MEMBER-AT-LARGE 


O. Smith, Chickasha Cotton Oil Co. 


zuela. 
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@ Engineers @ Sales Personnel 
@ Mechanics 
@ Manufacturers’ Representatives 


Use the ISA Journal’s 
Classified Advertising Section* 


(*See top of Page 81A for Rates, Deadlines, etc.) 


@ Technicians 











OFRICIL JEWELRY 


OF THE 
INSTRUMENT SOCIETY 
OF AMERICA 


Beautiful Heavyweight 10K Gold Rings 
Onyx Set with ISA Emblem $30.00 
Blue Spinel with Emblem . 35.00 
Include ring size and choice with order. 


ISA LAPEL BUTTON 


ISA members 
are urged to 
wear the So- 
ciety's attrac- 
tive gold lapel 
button designed 
in the shape of 
the official ISA 
emblem; inlaid 
with white 
enamel and ap- 
proximately 
one-half inch 
high. Gold- 
filled button 
— $2.00. Gold- 
plated button— 
$5.00. 





TIE CLASP WITH ISA KEY 
AND GOLD-FILLED CHAIN 


A beautifully designed gold-filled tie-clasp 
is also available. The Socket emblem is 
suspended in the form of a key and priced 
at $5.00 





INSTRUMENT SOCIETY OF AMERICA, 
313 Sixth Ave., Pittsburgh 22, Pa. 


Please send me the following official ISA 
jewelry I have checked below. Payment for 
the amount checked is enclosed. 


[] Gold-filled Lapel Button ......... $ 2.00 
[] Geld-plated Lapel Button ........ 5.00 
[] Tie-elasp with chain and gold- 

filled official ISA emblem........ 5.00 
C) Onyx 14K Gold Ring Size .... 30.00 
C) Blue 14K Gold Ring Size ... 35.00 
Name 
Street 
GE 6<cucoveanévendeeheressbuseueeeeeene 
Zone .. State 
Member of . . Section. 
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>» Industry Notes 





Linear Flow Signals Transmitted 
With New Differential Meters 


*% 


New high-head differential meter transmits linear flow signals 


High-pressure, high-velocity flows may now be measured 
and transmitted pneumatically on a linear flow basis. A 
new line of high-head differential pressure transmitters 
utilizing the accuracy of mercury U-tube measurements, 
automatically converts a differential pressure to rate of 
flow—for improved metering and contro! practices. 

These transmitters, manufactured by the Bailey Meter 
Co., 1050 Ivanhoe Rd., Cleveland, measure the rate of flow 
of steam, water, other liquids, and gases producing maxi- 
mum differentials from 100 to 1200 in. H.O. The mercury 
U-tube is available for maximum service pressures of 800, 
3500 and 6000 psig. Where mercury is undesirable, a bel- 
lows type is available for maximum service pressures of 
1500 and 3500 psig. 

Circle 1N on Readers’ Service Card 


Nuclear Introduces Line of 
Electromagnetic Flowmeters 


Nuclear Corp. of America, Inc., Empire State Bldg., New 
York, has announced a new line of electromagnetic flow- 
meters which have been marketed under the trade name of 
“Nucor Magnaflow.” 

The instrument converts liquid velocity directly into an 
electric potential. 


Circle 2N on Readers’ Service Card 


Neutron Generator Project Aimed 
Toward Use in Oil Well Logging 


Continuing its development of a neutron gene 
project which has been under way for many years, 
lab, Inc., Boston, Mass., is now directing the design 
device toward use in oil well logging. 

As a result of a contract with an oil well firm, 
lab is now concentrating its efforts with its neutron g 
tor in the most intensely pursued field in oil well ex 
tion. If proven successful the device would enable om 
engineers to obtain, and more rapidly interpret, data ¢ 
ground drilling operation. a 

The device operates on sound scientific principle 3 
generating useful quantities of 14 MEV neutrons by 
of the firm’s improved discharge tube, surrounding f 
tions can be made radio-active for short periods of % 

Circle 3N on Readers’ Service Card 


Urgent Military Demands Spur 
New Transistor Availability 


Urgent and widespread military demands for diffy 
base germanium transistors have called for the Wegg 
Electric Co. to undertake immediate manufacture of 
of-the-art units for exploratory development work. 
production facilities were set up in the company’s 
and the manufacturing program will be stepped up te 
military requirements as they develop. 

The diffusion is one of the latest developments of 
Telephone Laboratories where the original transistor ¥ 
invented. This major breakthrough in transistor ted 
ogy has resulted in the fabrication of transistors which 
shattered the frequency barriers to the great bulk of 
tary applications. 

Circle 4N on Readers’ Service Card 


Giannini’s High Temperature 
Potentiometer Rated to 200°C 


The development of a high temperature potentior 
rated at 200°C, has been announced by the Electromechi 
cal Division of G. M. Giannini & Co., Inc., Pasadena, © 
The new potentiometer is a servo-mount sub-miniail 
single turn rotary precision unit with a power rating 
watts at 150°C. 

Recommended for applications requiring high pow 
elevated temperatures, the model has a precision 
stainless steel shaft mounted in ball bearings and is ené 
in an aluminum housing. : 

Circle 5N on Readers’ Service Card 





A formal dedication and open-house in Milton, On 
tario, Canada, marked the official opening of Canadian 
Veter Co. Ltd’s new manufacturing facility which #. 
designed to manufacture displacement gas meters and 
other measurement and control equipment. Pictured 
at the office entrance are (front row, left to right) 
P. W. Geldard, President, Canadian Gas Assn.; A. Me 
Beath, Controller, American Meter Co.; J. W. Ostler, 
General Manager, Canadian Meter Co.; (back row, 
left to right) W. H. Dalton, General Manager, Cana 
dian Gas Assn.; W. B. Ashby, Secretary; W. G. 
Hamilton, Jr.. President: and C. B. Dushane, dT. 


Vice-President-Sales, American Meter Co. 
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